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ABSTRACT:  It  is  operationally  and  environmentally  desirable  to  replace  greased  bronze  bushings  used  in  naviga¬ 
tion  lock  machinery  with  self-lubricating  bushings.  Bronze  bushings  must  be  greased  manually  or  with  automatic 
lubricating  machines.  Grease  lines  are  subject  to  damage  from  ice  and  debris.  If  the  grease  line  breaks,  the  lubricat¬ 
ing  system  fails,  which  may  lead  to  component  failure  and  delays  in  navigation.  Introduction  of  grease  into  the  river¬ 
ine  environment  is  also  a  concern. 

The  Corps  of  Engineers  has  been  using  self-lubricating  bushings  in  navigation  locks  for  the  past  20  years.  The  pur¬ 
pose  of  this  study  was  to  evaluate  mechanical  properties  and  durability  of  emerging  advanced  self-lubricating  bush¬ 
ing/bearing  materials  in  the  laboratory  and  under  field  conditions,  and  to  provide  additional  knowledge,  needed 
guidelines,  and  standard  specifications  for  the  proper  selection  and  use  of  self-lubricating  bushing  materials  for 
locks  based  on  local  environmental  conditions  and  applications.  The  results  of  accelerated  testing  of  quarter-scale 
model  self-lubricating  pintle  bushings  in  simulated  river  are  also  reported. 
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Conversion  Factors 


Non-SI*  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units  as 
follows:  _ 


Multiply 

By 

To  Obtain 

degrees  (angle) 

0.01745329 

radians 

degrees  Fahrenheit 

(5/9)  x  (°F  -  32) 

degrees  Celsius 

inches 

0.0254 

meters 

pounds  (force)  per  square  inch 

0.006894757 

megapascals 

Systeme  International  d'Unites  (“International  System  of  Measurement”),  commonly  known  as  the  “metric  system.” 
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1  Introduction 


Background 

The  purpose  of  a  lubricant  is  to  prevent  wear  and  damage  of  equipment  compo¬ 
nents  as  they  move  relative  to  one  another.  Lubricants  are  broadly  classified  as 
either  fluids  or  solids.  Fluid  lubricants  include  oils  and  greases  and  may  be  ei¬ 
ther  synthetic  or  natural  products.  Solid  lubricants  are  powders  or  thin  films. 
Some  solid  lubricants,  such  as  molybdenum  disulfide,  graphite,  and  zinc  oxide, 
are  used  as  additives  in  conjunction  with  fluid  lubricants. 

Solid  lubricants  are  effective  at  high  loads  and  speeds  and  resist  deterioration 
over  prolonged  periods.  They  are  more  stable  than  fluid  lubricants  at  high  tem¬ 
peratures  and  pressures.  Solid  lubricants  may  simplify  design  because  they  do 
not  require  a  means  of  introducing  and  sealing  them  in  as  do  fluid  lubricants. 
Solid  lubricants,  however,  have  poor  self-healing  properties  relative  to  fluids  as 
well  as  poor  heat  dissipation,  especially  in  the  case  of  polymeric  bearings.  In 
general,  solid-lubricated  bearings  have  a  higher  coefficient  of  friction  and  wear 
than  fluid-lubricated  bearings. 

Types  of  solid  lubricants  include  lamellar  solids,  soft  metal  films,  surface-treated 
metals,  and  polymers.  Solid  lubricants  may  be  used  as  a  powder,  bonded  coat¬ 
ings,  and  self-lubricated  composites.  Bonded  coatings  and  self-lubricating  com¬ 
posites  of  the  metal-solid  type  are  of  particular  interest  to  this  work. 

Interest  in  self-lubricated  wear  components  is  driven  by  environmental  and  eco¬ 
nomic  considerations.  Self-lubricated  bearings  eliminate  the  undesirable  intro¬ 
duction  of  fluid  lubricants  into  the  ecosystem.  Self-lubricated  bearings  also  re¬ 
duce  operating  costs  by  eliminating  the  need  for  periodic  application  of  the  fluid 
lubricant.  For  navigation  projects,  periodic  lubrication  can  be  labor  intensive 
and  greases  inevitably  are  introduced  to  the  riverine  environment. 

Short-term  laboratory  testing  of  self-lubricated  materials  has  been  performed  by 
the  U.S.  Army  Corps  of  Engineers  (USACE).  However,  the  long-term  field  per¬ 
formance  of  these  products  under  real-world  operating  conditions  has  not  been 
evaluated. 
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Objective 

The  objectives  of  this  research  were  to  evaluate  the  field  performance  of  self- 
lubricating  materials  at  USACE  navigation  projects  and  to  compile  descriptive 
material  and  design  specifications  for  these  products. 


Approach 

Field  performance  of  self-lubricated  components  was  evaluated  empirically  by 
surveying  USACE  field  and  design  personnel.  Materials  and  design  criteria 
were  derived  from  data  provided  by  manufacturers  of  self-lubricated  bushings. 
Field  performance  and  manufacturer  data  were  also  compared  with  the  results 
of  laboratory  research  on  greaseless  bushings  in  hydropower  and  navigation  ap¬ 
plications. 


Scope 

The  results  of  this  investigation  apply  to  Civil  Works  navigation  facilities.  To 
the  extent  that  similarities  exist  between  navigation  and  other  Civil  Works  in¬ 
stallations,  including  hydropower  and  flood  control  facilities,  the  information 
contained  herein  may  also  be  applicable  to  these  other  facilities.  It  may  also  ap¬ 
ply  to  other  similar  facilities  including,  but  not  limited  to,  those  operated  by  the 
Tennessee  Valley  Authority  and  the  U.S.  Bureau  of  Reclamation. 
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2  Applications  and  Product  Descriptions 


Applications 

The  surveyed  navigation  installations  are  using  self-lubricated  materials  for  a 
variety  of  applications  including:  guide  rollers,  reaction  rollers,  and  thrust  wash¬ 
ers  in  floating  mooring  bitts;  lock  gate  guide  pins;  tainter  valve  strut  arm  com¬ 
ponents;  sector  gear  bearings;  and  pintle  bearings.  Some  facilities  have  replaced 
the  conventional  lower  roller  assembly  of  floating  mooring  bitts  with  a  simple 
self-lubricated  guide  block  assembly. 


Product  Descriptions 

Self-lubricating  materials  (e.g.,  lamellar  sobds,  soft  metal  films,  surface-treated 
metals,  and  polymers)  may  be  used  as  powders,  bonded  coatings,  and  self- 
lubricated  composites.  Bonded  coatings  and  self-lubricating  composites  of  the 
metal-sobd  type  are  of  particular  interest  to  this  work.  Products  in  use  on 
USACE  navigation  projects  were  identified  and  are  described  below. 

Garlock  DU 

Garlock  DU  is  a  bonded  coating  product  consisting  of  a  1-mil  film  of  polytetraflu- 
ouroethylene  (PTFE)  mixed  with  lead  on  a  porous  10-mil  sintered  copper-tin 
bronze  coating  over  a  steel  substrate. 

Tenmat  Feroform  T814 

Feroform  T814  is  a  self-lubricating  composite  product  consisting  of  PTFE  uni¬ 
formly  dispersed  in  a  woven  synthetic  polyester  fabric  reinforced  thermoset  phe¬ 
nolic  resin  matrix. 

Kamatics  KAron  V 

KAron  V  is  a  bonded  polyester  coating  incorporating  PTFE  particles.  The  coat¬ 
ing  is  appbed  at  various  thicknesses  to  stainless  steel,  fiberglass,  bronze,  tita¬ 
nium,  aluminum,  phenobc,  inconel,  and  other  substrates. 
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Oiles  500 

Oiles  500  bearings  are  dispersed-powder  products  consisting  of  either  PTFE  or 
graphite  plugs  in  metal  alloy  substrates. 

Thordon  SXL  and  HPSXL 

Thordon  SXL  and  HPSXL  are  bonded-coating  products  consisting  of  thermoset¬ 
ting  elastomeric  resin  on  various  backings.  High-pressure  TRAXL  bearings  are 
bronze-backed  products  coated  with  SXL  or  HPSXL. 

Lubrite  G10  and  G12 

Lubrite  G10  and  G12  lubricant  are  epoxy-base  graphite-free  materials  extruded 
into  recesses  on  the  bearing  surface.  The  bearings  are  available  in  a  variety  of 
alloys. 

Lubron  AQ30,  AQ100,  and  TF400 

Information  has  not  been  provided  by  the  manufacturer.  The  Louisville  District 
describes  TF400  as  a  PTFE  lubricant  film  on  a  metal  alloy  bearing. 

Orkot  TXM  Marine 

Orkot  TXM  Marine  consists  of  a  medium  weave  fabric  backing  impregnated  with 
PTFE  and  lubricated  with  an  evenly  dispersed  solid  film  lubricant  (molybdenum 
disulphide). 
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3  Product  Specifications 


Product  data  were  gathered  from  two  primary  sources.  Most  of  the  data  were 
reported  in  CERL  Technical  Report  99/104,  “Greaseless  Bushings  for  Hydro- 
power  Applications:  Program,  Testing,  and  Results”  (December  1999).  Materials 
evaluated  in  this  research  program  include  Tenmat  Feraform  T814,  Kamatics 
KAron  V,  Orkot  TXM  Marine,  Thordon  TRAXL  SXL  and  HPSXL,  and  Lubron 
TF400.  The  remainder  of  the  bearing  data  is  compiled  from  manufacturers’  lit¬ 
erature  (Garlock  DU  and  Lubrite  G10  and  G12).  Coefficients  of  linear  expansion 
are  in  all  cases  taken  from  the  manufacturer’s  literature. 

The  coefficient  of  friction  is  perhaps  the  most  important  physical  property  of 
greaseless  bushings.  Static  and  dynamic  coefficients  of  friction,  measured  under 
dry  and  wet  conditions,  are  important  to  determine  the  friction  torque  and  stick- 
slip  characteristics  of  the  bearing  system.  Stick-slip  or  “stiction”  is  caused  by  the 
difference  between  static  and  dynamic  coefficients  of  friction  when  a  system  is 
moved  from  rest.  The  more  nearly  equal  the  coefficients  are,  the  smoother  the 
system  will  operate,  usually  even  if  actual  friction  is  high. 

Other  parameters  important  to  system  design  include  load  bearing  capacities, 
coefficient  of  liner  expansion,  and  swell.  Properties  of  these  self-lubricating  ma¬ 
terials  are  summarized  in  Tables  1  through  8.  Appendix  B  contains  manufac¬ 
turers’  literature  for  the  evaluated  products. 
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Table  1.  Garlock  DU  Bearings. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

36,000  psi 

Load  Bearing  Capacity:  Dynamic 

20,000  psi 

Load  Bearing  Capacity:  Compressive 

44,000  psi 

Wear  Rate:  Dry 

<  0.2  mils/100  hours 

Wear  Rate:  Wet 

NA 

Coefficient  of  Static  Friction:  Dry 

0.02  -  0.20 

Coefficient  of  Static  Friction:  Wet 

NA 

Coefficient  of  Dynamic  Friction:  Dry 

0.02  -  0.20 

Coefficient  of  Dynamic  Friction:  Wet 

NA 

Delta*  Coefficient  of  Friction:  Dry 

0-0.18 

Delta*  Coefficient  of  Friction:  Wet 

NA 

Coefficient  of  Linear  Expansion:  Normal 

30  x  10*/°C 

Coefficient  of  Linear  Expansion:  Parallel 

11  x  lO'VC 

Swell:  Water 

NA 

Swell:  Oil 

NA 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction.  All  data 
supplied  by  manufacturer.  Delta  values  are  inferred. 


Table  2.  Orkot  -  TXM  Marine. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

1 1 ,600  psi 

Load  Bearing  Capacity:  Dynamic 

5800  psi 

Load  Bearing  Capacity:  Compressive 

Normal  to  Laminate  >40,700  psi 
Parallel  to  Laminate  >13,000  psi 

Wear  Rate:  Dry 

0.199  mils/100  hours 

Wear  Rate:  Wet 

0.504  mils/100  hours 

Coefficient  of  Static  Friction:  Dry 

0.088(0.05  to  0.10) 

Coefficient  of  Static  Friction:  Wet 

0.068 

Coefficient  of  Dynamic  Friction:  Dry 

0.061 

Coefficient  of  Dynamic  Friction:  Wet 

0.060 

Delta*  Coefficient  of  Friction:  Dry 

0.027 

Delta*  Coefficient  of  Friction:  Wet 

0.028 

Coefficient  of  Linear  Expansion:  Normal 

90  to  100  x  lO'V’C 

Coefficient  of  Linear  Expansion:  Parallel 

50  to  60  x  lOYC 

Swell:  Water 

Zero  (<  0.1%) 

Swell:  Oil 

Zero 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 
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Table  3.  Lubron  -  TF400. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

NA 

Load  Bearing  Capacity:  Dynamic 

NA 

Load  Bearing  Capacity:  Compressive 

NA 

Wear  Rate:  Dry 

0.087  mils/1 00  hours 

Wear  Rate:  Wet 

0.232  mils/1 00  hours 

Coefficient  of  Static  Friction:  Dry 

0.072 

Coefficient  of  Static  Friction:  Wet 

0.059 

Coefficient  of  Dynamic  Friction:  Dry 

0.059 

Coefficient  of  Dynamic  Friction:  Wet 

0.049 

Delta*  Coefficient  of  Friction:  Dry 

0.013 

Delta*  Coefficient  of  Friction:  Wet 

0.010 

Coefficient  of  Linear  Expansion:  Normal 

NA 

Coefficient  of  Linear  Expansion:  Parallel 

NA 

Swell:  Water 

NA 

Swell:  Oil 

NA 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 


Table  4.  Kamatics  KAron  V. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

Metal  backed  =  67,000  psi 
Composite  backed  =  33,000  psi 

Load  Bearing  Capacity:  Dynamic 

Metal  backed  =  30,000  psi 
Composite  backed  =  20,000  psi 

Load  Bearing  Capacity:  Compressive 

NA 

Wear  Rate:  Dry 

1.169  mils/100  hours 

Wear  Rate:  Wet 

0.325  mils/100  hours 

Coefficient  of  Static  Friction:  Dry 

0.061 

Coefficient  of  Static  Friction:  Wet 

0.053 

Coefficient  of  Dynamic  Friction:  Dry 

0.053 

Coefficient  of  Dynamic  Friction:  Wet 

0.049 

Delta*  Coefficient  of  Friction:  Dry 

0.008 

Delta*  Coefficient  of  Friction:  Wet 

0.004 

Coefficient  of  Linear  Expansion:  Normal 

NA 

Coefficient  of  Linear  Expansion:  Parallel 

NA 

Swell:  Water 

+  3  mils 

Swell:  Oil 

Zero 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 
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Table  5.  Tenmat  Feroform  T814. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

NA 

Load  Bearing  Capacity:  Dynamic 

8990  psi 

Load  Bearing  Capacity:  Compressive 

36,250  psi 

Wear  Rate:  Dry 

0.334  mils/100  hours 

Wear  Rate:  Wet 

0.023  mils/1 00  hours 

Coefficient  of  Static  Friction:  Dry 

0.041 

Coefficient  of  Static  Friction:  Wet 

0.061 

Coefficient  of  Dynamic  Friction:  Dry 

0.038 

Coefficient  of  Dynamic  Friction:  Wet 

0.038 

Delta*  Coefficient  of  Friction:  Dry 

0.003 

Delta*  Coefficient  of  Friction:  Wet 

0.023 

Coefficient  of  Linear  Expansion:  Normal 

50  to  100  x  lO'V’C 

Coefficient  of  Linear  Expansion:  Parallel 

45  to  100  x  lO'V’C 

Swell:  Water 

-  7  mils 

Swell:  Oil 

-  4  mils 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 


Table  6.  Thordon-SXL 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

NA 

Load  Bearing  Capacity:  Dynamic 

NA 

Load  Bearing  Capacity:  Compressive 

NA 

Wear  Rate:  Dry 

0.426  mils/100  hours 

Wear  Rate:  Wet 

0.826  mils/100  hours 

Coefficient  of  Static  Friction:  Dry 

0.168 

Coefficient  of  Static  Friction:  Wet 

0.113 

Coefficient  of  Dynamic  Friction:  Dry 

0.103 

Coefficient  of  Dynamic  Friction:  Wet 

0.078 

Delta*  Coefficient  of  Friction:  Dry 

0.065 

Delta*  Coefficient  of  Friction:  Wet 

0.035 

Coefficient  of  Linear  Expansion:  Normal 

NA 

Coefficient  of  Linear  Expansion:  Parallel 

NA 

Swell:  Water 

NA 

Swell:  Oil 

NA 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 


ERDC/CERL  SR-04-8 


9 


Table  7.  Thordon  -  HPSXL. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

NA 

Load  Bearing  Capacity:  Dynamic 

NA 

Load  Bearing  Capacity:  Compressive 

NA 

Wear  Rate:  Dry 

0.013  mils/100  hours 

Wear  Rate:  Wet 

0.564  mils/100  hours 

Coefficient  of  Static  Friction:  Dry 

0.092 

Coefficient  of  Static  Friction:  Wet 

0.076 

Coefficient  of  Dynamic  Friction:  Dry 

0.073 

Coefficient  of  Dynamic  Friction:  Wet 

0.057 

Delta*  Coefficient  of  Friction:  Dry 

0.019 

Delta*  Coefficient  of  Friction:  Wet 

0.019 

Coefficient  of  Linear  Expansion:  Normal 

NA 

Coefficient  of  Linear  Expansion:  Parallel 

NA 

Swell:  Water 

+ 1  mil 

Swell:  Oil 

Zero 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction. 


Table  8.  Lubrite  G10  and  G12. 


Attribute 

Value 

Load  Bearing  Capacity:  Static 

NA 

Load  Bearing  Capacity:  Dynamic 

1000  to  8000  psi  (depending  on  bearing  metal) 

Load  Bearing  Capacity:  Compressive 

13,000  to  180,000  psi  (depending  on  bearing  metal) 

Wear  Rate:  Dry 

NA 

Wear  Rate:  Wet 

NA 

Coefficient  of  Friction:  Range 

0.03  -  0.09 

Delta*  Coefficient  of  Friction:  Dry 

NA 

Delta*  Coefficient  of  Friction:  Wet 

NA 

Substrate  Substrate  4Coefficient  of  Linear 
Expansion: 

4  to  7  x  lO'Vc  (depending  on  bearing  metal) 

Swell:  Water 

NA 

Swell:  Oil 

NA 

*  Delta  is  the  difference  between  static  and  dynamic  coefficients  of  friction.  All  data  supplied  by  manufacturer. 
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4  Field  Performance 


This  section  describes  specific  applications  of  self-lubricating  bushings,  including 
information  on  products  used,  application  parameters,  duration  of  service,  instal¬ 
lation  methods,  problems,  manufacturer  support,  and  product  performance. 


Markland  Locks  and  Dam 

Markland  Locks  and  Dam  are  on  the  Ohio  River  in  the  Louisville  District.  The 
upper  and  lower  gates  of  the  1,200-ft  main  and  600-ft  auxiliary  chambers  were 
outfitted  in  September  1992  with  self-lubricated  vertical  and  horizontal  rack  bar 
rollers  manufactured  by  Garlock.  Some  of  the  vertical  rollers  that  receive  higher 
loads  failed  and  were  replaced  shortly  after  with  greased  bushings.  No  other  in¬ 
formation  is  available  on  this  application. 

Bushings  for  lock  filling  and  emptying  culvert  valve  trunnion  pins,  crosshead 
pins,  lower  connecting  rod  pins,  fulcrum  pins,  upper  strut  spindle  pins,  and 
lower  strut  pins  are  self-lubricating.  These  bushings  are  Feroform  T814,  a  stan¬ 
dard  product  manufactured  by  Tenmat.  Loads  are  either  3,500  or  7,000  psi  and 
the  arc  of  rotation  is  45  degrees.  Hard-chromed  17-4  stainless  steel  pins  were 
shrink  fitted  using  liquid  nitrogen.  Bushings  were  installed  in  2000  and  2001. 
The  field  engineer  rates  these  self-lubricated  bushings  as  excellent  and  recom¬ 
mends  them  for  similar  applications. 


McAlpine  Locks  and  Dam 

McAlpine  Locks  and  Dam  are  on  the  Ohio  River  in  the  Louisville  District.  Lock 
filling  and  emptying  culvert  valve  trunnion  pins  are  self-lubricating.  These 
bushings  are  Feroform  T814,  a  standard  product  manufactured  by  Tenmat. 
Loads  are  7,000  psi  and  the  arc  of  rotation  is  45  degrees.  Hard-chromed  17-4 
stainless  steel  pins  were  shrink  fit  using  liquid  nitrogen.  Bushings  were  in¬ 
stalled  in  February  2000.  The  field  engineer  rates  these  self-lubricated  bushings 
as  excellent  and  recommends  them  for  similar  applications. 
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Smithland  Locks  and  Dam 

Smithland  Locks  and  Dam  are  on  the  Ohio  River  in  the  Louisville  District.  Lock 
filling  and  emptying  culvert  valve  upper  strut  spindle  pins  and  lower  strut  pins 
are  self-lubricating.  These  bushings  are  Feroform  T814,  a  standard  product 
manufactured  by  Tenmat.  Loads  are  3,500  psi  and  the  arc  of  rotation  is  45  de¬ 
grees.  Hard-chromed  17-4  stainless  steel  pins  were  shrink  fitted  using  liquid 
nitrogen.  Bushings  were  installed  in  1997,  1998,  and  2000.  The  field  engineer 
rates  these  self-lubricated  bushings  as  excellent  and  recommends  them  for  simi¬ 
lar  applications. 


Cannelton  and  Newburgh  Locks  and  Dams 

The  Louisville  District  also  reports  applications  of  Tenmat  T814  and  Thordon 
TRAXL  self-lubricating  bearings  at  Cannelton  and  Newburgh  Locks  and  Dam  on 
the  Ohio  River.  Thordon  pintle,  gudgeon  pin,  and  strut  pin  applications  were 
installed  on  one  leaf  of  one  lock  gate  in  1994.  At  Cannelton,  lock  filling  and  emp¬ 
tying  culvert  valve  trunnion  pins,  crosshead  pins,  lower  connecting  rod  pins,  ful¬ 
crum  pins,  upper  strut  spindle  pins,  lower  strut  pins,  and  hydraulic  cylinder 
trunions  are  self-lubricating  using  Thordon  TRAXL.  This  installation  dates  to 
1992  or  1993.  Cannelton  also  uses  Kamatics  crosshead  pin  and  hydraulic  cylin¬ 
der  trunion  bushings  on  one  gate  leaf.  At  Newburgh,  Thordon  TRAXL  bushings 
are  used  on  the  600-ft  lock  chamber  gate  culvert  strut  spindle  pins  and  lower 
strut  pins.  This  application  dates  to  1991.  No  other  information  or  ratings  are 
available  for  applications  at  Cannelton  and  Newburgh. 


Cascade  Locks 

The  Cascade  Locks  are  on  the  Columbia  River  above  Bonneville  Dam  in  the  Port¬ 
land  District.  The  locks  use  self-lubricating  bushings  on  floating  mooring  bitts. 
Roller  bearings  are  KAron  V  manufactured  by  Kamatics.  The  applied  load  is  ap¬ 
proximately  2,500  psi  and  the  arc  of  rotation  360  degrees.  The  number  of  cycles 
averages  about  240  full  revolutions  per  day.  The  bearings  were  installed  in 
1997,  and  no  problems  have  been  reported  to  date.  The  District  rates  the  KAron 
V  roller  bearings  as  “better”  than  greased  bronze  with  an  overall  rating  of  “excel¬ 
lent.”  Lubron  AQ  100  bearings  were  previously  used  for  this  application,  but 
were  replaced  after  only  2  years.  Squealing  and  stick/slip  (stiction)  were  re¬ 
ported  as  problems.  The  District  rates  the  AQ  100  roller  bearings  as  “worse” 
than  greased  bronze  with  an  overall  rating  of  “poor.”  Thrust  washer  bearings 
are  Tenmat  Feroform  T814.  The  applied  load  is  minimal.  The  bearings  were 
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installed  in  1997  and  no  problems  have  been  reported  to  date.  The  District  rates 
the  Feroform  T814  bearings  as  “better”  than  greased  bronze  with  an  overall  rat¬ 
ing  of  “excellent.”  Floating  mooring  bitt  guide  blocks  are  Tenmat  Feroform  T814. 
The  applied  load  is  about  1,000  psi  and  the  blocks  experience  about  720  feet  of 
linear  movement  per  day.  The  blocks  were  installed  in  1997  and  no  problems 
have  been  reported  to  date.  The  District  rates  the  T814  guide  blocks  as  “better” 
than  greased  bronze  bushings  with  an  overall  rating  of  “excellent.” 

The  Cascade  Locks  also  use  self-lubricating  Lubron  AQ  30  miter  gate  pin  bush¬ 
ings.  The  bearings  were  installed  in  1996  by  press  fitting  into  a  cast-steel  hous¬ 
ing.  The  approximated  load  is  2,500  psi  and  the  arc  of  rotation  is  40  degrees. 
The  average  number  of  cycles  per  day  is  16.  The  District  reports  a  problem  with 
squealing  and  rates  the  AQ  30  miter  gate  pin  bushings  as  “worse”  than  greased 
bronze  with  an  overall  rating  of  “poor.” 

The  swing  bridge  center  pivot  bearing  at  Cascade  Locks  is  Lubron  TF  400.  The 
applied  load  is  about  2,500  psi  and  the  arc  of  rotation  is  110  degrees.  The  aver¬ 
age  number  of  cycles  is  16  per  day.  The  bearing  was  installed  in  1994  and  was 
replaced  due  to  wear  in  2001.  The  District  rated  wear  resistance  as  fair,  but 
considers  the  product  to  be  better  than  greased  bronze  for  this  application,  giv¬ 
ing  it  an  overall  rating  of  only  “fair.”  The  year  2001  replacement  bearing  is  a 
Kamatics  KAron  V  with  a  smaller  diameter  and  a  somewhat  higher  load  of  about 
3,500  psi.  The  District  reports  no  problems  with  the  new  product. 


John  Day  Lock  and  Dam 

The  John  Day  Lock  and  Dam  are  on  the  Columbia  River  in  the  Portland  District. 
The  lock  uses  self-lubricating  bushings  on  the  tainter  valve  trunnions.  Bushings 
are  TXM-Marine  manufactured  by  Orkot.  The  applied  load  is  250  kips  and  the 
arc  of  rotation  40  degrees.  The  number  of  cycles  averages  about  1,000  per  day. 
The  bearings  were  installed  in  2000  using  an  adhesive.  The  District  has  not  yet 
rated  the  Orkot  bushing  for  this  application. 


Little  Goose  Lock  and  Dam 

The  Little  Goose  Lock  is  on  the  Snake  River  in  the  Portland  District.  The  Dis¬ 
trict  has  reportedly  used  Garlock  DU  bearings  in  floating  mooring  bitts  since 
1984.  The  installation  is  an  old  one  and  records  are  sketchy.  The  District  does 
not  report  any  problems,  however,  and  the  bearings  continue  to  function. 
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Colorado  River  Locks 

The  Colorado  River  Locks  are  on  the  Colorado  River  in  the  Galveston  District. 
The  top  and  bottom  hinge  pin  bushings  and  thrust  washer  on  the  east  lock  are 
self-lubricating  products  manufactured  by  Thordon.  The  loads  on  the  top,  bot¬ 
tom,  and  thrust  bearings  are  285.9  kips,  809.5  kips,  and  255.6  kips  respectively. 
The  arc  of  rotation  is  60  degrees.  Bearings  were  installed  in  1998  and  1999.  Top 
hinge  pin  bushings  and  thrust  washers  are  HPSXL,  and  bottom  hinge  pin  bush¬ 
ings  are  SXL.  The  District  rates  these  self-lubricating  products  “equal”  to 
greased  bronze  and  “good”  overall.  Since  this  rating  was  assigned,  however,  the 
upper  hinge  bushing  failed  on  the  North  River  side  sector  of  the  East  Lock.  The 
cause  of  the  failure  is  not  known.  The  hinge  has  been  temporarily  repaired  by 
supplying  grease  between  the  bushing  and  pin. 


Locks  and  Dam  No.  27 

Locks  and  Dam  No.  27  is  on  the  Mississippi  River  in  the  St.  Louis  District.  Mi¬ 
ter  gate  hydraulic  cylinder  cardanic  ring  pillow  blocks  have  Oiles  500  bearings 
manufactured  by  Oiles.  The  bearings,  installed  in  1998,  see  60,000  cycles  per 
year  with  a  20-degree  arc  of  rotation.  The  District  reports  no  problems  and  rates 
the  bearing  performance  as  “better”  than  greased  bronze  with  an  overall  rating 
of  “very  good.” 


Melvin  Price  Locks  and  Dam 

The  Melvin  Price  Locks  and  Dam  are  on  the  Mississippi  River  in  the  St.  Louis 
District.  The  dam’s  tainter  gate  trunnion  bushings  are  Lubrite.  The  bushings 
were  installed  in  1982.  The  average  number  of  cycles  is  estimated  at  greater 
than  1,000  per  year  with  an  89-degree  arc  of  rotation.  Although  the  bushings 
have  never  been  inspected,  the  District  rates  them  “equal”  to  greased  bronze 
bushings  with  an  overall  rating  of  “good.” 

Melvin  Price  culvert  valve  pivot  bushings  are  also  Lubrite.  The  bushings  were 
installed  in  1992  and  see  60,000  cycles  per  year  with  a  60-degree  arc  of  rotation. 
Some  of  the  bushings  were  incorrectly  sized  and  were  cut  to  resize  for  installa¬ 
tion.  These  bushings  subsequently  failed  due  to  loss  of  lubricant  plugs.  The 
premature  failure  was  not  the  fault  of  Lubrite  or  the  bearing.  The  correctly  sized 
bushings  remain  in  service  and  are  rated  “equal”  to  greased  bronze  bushings 
with  an  overall  rating  of  “good.” 
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The  lift  gate  downstream  reaction  roller  bushings  at  Melvin  Price  are  also  Lu- 
brite.  The  average  number  of  cycles  is  60,000  per  year  with  a  360-degree  arc  of 
rotation.  The  bushings  were  installed  in  1988  and  the  District  reports  no  prob¬ 
lems  to  date.  The  District  rates  the  bushings  as  “better”  than  greased  bronze 
bushings  with  an  overall  rating  of  “very  good.” 


Kentucky  Lock 

The  Kentucky  Lock  is  on  the  Tennessee  River  in  the  Nashville  District.  Eight 
floating  mooring  bitts  have  been  retrofit  with  self-lubricating  roller  bushings. 
Seven  of  these  are  TRAXL  bushings  manufactured  by  Thordon  and  one  is  KAron 
V  manufactured  by  Kamatics.  All  of  the  retrofit  mooring  bitts  use  ultra-high  mo¬ 
lecular  weight  polyethylene  guide  blocks  in  place  of  the  lower  roller  assembly. 
The  bushings  were  installed  by  pressure  fitting.  The  District  has  had  no  prob¬ 
lems  with  the  self-lubricating  bushings,  and  they  rate  them  as  “better”  than 
greased  bronze  and  “excellent”  overall. 

Kentucky  Lock  also  uses  Thordon  strut  pin  and  sector  gear  bushings  on  the 
lower  river  gates.  No  other  information  is  available  from  the  District  on  this  ap¬ 
plication. 


Barkley  Lock 

Barkley  Lock  is  on  the  Cumberland  River  in  the  Nashville  District.  A  number  of 
floating  mooring  bitts  have  been  retrofit  with  self-lubricating  roller  bushings 
manufactured  by  Thordon.  The  retrofit  mooring  bitts  use  ultra-high  molecular 
weight  polyethylene  guide  blocks  in  place  of  the  lower  roller  assembly.  The 
bushings  were  installed  by  pressure  fitting.  The  District  has  had  no  problems 
with  the  self-lubricating  bushings,  and  they  rate  them  as  “better”  than  greased 
bronze  and  “excellent”  overall. 


Old  Hickory  Lock 

Old  Hickory  Lock  is  on  the  Cumberland  River  in  the  Nashville  District.  A  num¬ 
ber  of  floating  mooring  bitts  have  been  retrofit  with  Thordon  SXL  self- 
lubricating  roller  bushings.  The  retrofit  mooring  bitts  use  ultra-high  molecular 
weight  polyethylene  guide  blocks  in  place  of  the  lower  roller  assembly.  The 
bushings  were  installed  by  interference  freeze  fitting  using  liquid  nitrogen.  The 
applied  loads  on  the  parallel  and  perpendicular  roller  bushings  are  17,333  psi 
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and  14,225  psi,  respectively.  The  arc  of  rotation  is  360  degrees.  The  District  has 
had  no  problems  with  the  self-lubricating  bushings,  and  they  rate  them  as  “bet¬ 
ter”  than  greased  bronze  and  “excellent”  overall. 

The  upper  and  lower  strut  pin  bearings  on  the  upper  gate  at  Old  Hickory  are 
Thordon  TRAXL.  The  District  has  had  no  problems  with  the  self-lubricating 
bushings,  and  they  rate  them  as  “better”  than  greased  bronze  and  “excellent” 
overall. 


Chicago  Harbor  Lock 

Chicago  Harbor  Lock  is  on  the  Chicago  River  in  the  Chicago  District.  Lock  sector 
gate  rollers  are  equipped  with  Kamatics  KAron  V  bushings.  Two  gates  each 
were  retrofit  in  1998  and  1999.  The  bushings  experience  about  10,000  cycles  per 
year  with  360-degree  arc  of  rotation.  They  were  friction  fitted  and  have  snap-in 
side  seals  to  prevent  silt  infiltration  and  subsequent  particulate  imbedment.  No 
problems  have  been  encountered  in  service.  The  District  rates  the  bushings  as 
“better”  than  greased  bronze  and  gives  them  an  overall  rating  of  “excellent.” 

Sector  gate  upper  hinge  pins  at  Chicago  Harbor  Lock  are  also  KAron  V.  Two 
gates  each  were  retrofit  in  1998  and  1999.  The  bushings  experience  about 
10,000  cycles  per  year.  No  problems  have  been  encountered  in  service.  The  Dis¬ 
trict  rates  the  bushings  as  “better”  than  greased  bronze  and  gives  them  an  over¬ 
all  rating  of  “excellent.” 
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5  Olmsted  Prototype  Field  Experiments 


Experimental  hydraulic-operated  wicket  gates  were  constructed  in  1995  at 
Smithland  Locks  and  Dam  as  a  part  of  the  design  decision  process  for  the  Olm¬ 
sted  Locks  and  Dam  project.  Various  materials,  including  greaseless  bushings, 
were  evaluated  as  a  part  of  this  prototype  project.  The  wicket  gate  design  was 
not  used,  but  the  data  gathered  on  self-lubricating  bushings  are  useful  nonethe¬ 
less. 

Five  types  of  self-lubricating  bearings  were  tested  and  evaluated.  Table  9  sum¬ 
marizes  the  products  and  their  performance  as  reported  by  the  Louisville  Dis¬ 
trict.  According  to  the  District,  the  Lubron  and  Thordon  products  were  superior 
in  performance,  with  Lubrite  third,  Rowend  fourth,  and  Kamatics  last. 


Table  9.  Self-lubricating  material  vs.  performance. 


Product 

Performance 

Lubron  Bearing  Systems  -AQ1 00 

The  Lubron  bearing  showed  no  wear  on  either  the 
main  hinges  of  the  gate  or  the  prop  bearing. 

Kamatics  -  KAron  V 

Kamatics  bearing  failed  dramatically.  The  inner  lu¬ 
bricating  material  flaked  off  the  housing  of  the  bear¬ 
ing.  The  manufacturer  stated  they  made  a  mistake  in 
the  design  of  the  bearing  for  the  test.  The  lubricant 
material  also  flaked  off  the  inside  of  the  prop  bearing 

race. 

Lubrite  G12,  on  Bronze  Alloy  #424,  ASTM 
B22-C86300  (manganese  bronze) 

Lubrite  had  begun  to  lose  its  inner  lubricating  sur¬ 
face. 

Thordon  SXL  TRAXL  on  bronze  -  C93200 

The  bearings  were  in  good  condition. 

Rowend  R-8  -  CDA  8630  (manganese  bronze) 
with  an  inner  lubricating  material  R-8. 

The  Rowend  bearing  experienced  severe  pitting  of 
its  base  metal  due  to  galvanic  corrosion. 
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6  Powertech  Laboratory  Evaluation  of 
Self-Lubricating  Pintle  Bearings 

The  U.S.  Army  Engineer  Research  and  Development  Center-Construction  Engi¬ 
neering  Research  Laboratory  (ERDC/CERL)  contracted  Powertech  Labs,  Inc.  to 
perform  scale  model  accelerated  wear  tests  of  navigation  lock  pintles.  A  scale 
model  test  frame  was  built  to  perform  accelerated  wear  tests  of  current  pintle 
bushing  configurations,  which  serve  as  benchmark  references,  and  on  alternative 
self-lubricating  pintle  bushings.  The  experiments  simulated  the  mechanical  and 
environmental  stresses  of  a  lock  miter  gate  pintle  over  an  anticipated  service  life 
of  200,000  cycles. 

Products  tested  were  Thordon  HPSXL,  Tenmat  T814,  and  Kamatics  KAron  V. 
All  three  products  survived  the  tests  using  silt  laden  river  water  as  the  test  me¬ 
dium. 

Powertech  observed  that  wear  rates  and  even  total  displacement  should  not  be 
used  as  part  of  the  comparison  criteria  as  each  pintle/bushing  combination  is 
unique  and  the  best  criteria  for  assessing  performance  are  friction  levels  and 
product  appearance  after  the  tests  and,  to  a  lesser  extent,  actual  wear. 

Based  on  the  appearance  and  friction  criteria,  Kamatics  KAron  V  and  the  Ten- 
mat  T814  survived  the  tests  with  little  indication  of  stress.  Performance  levels 
were  similar  with  relation  to  friction  and  appearance.  However,  Thordon 
HPSXL  started  showing  the  initial  stages  of  material  breakdown  with  wear  de¬ 
bris  observed  clumped  towards  the  bushing  edge. 


For  further  information  on  thesejlaboratory  tests,  see  Attachment  1. 
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7  Field  Experience  With  Self-Lubricating 
Pintle  Bearing  Materials 


The  only  self-lubricating  bearing  material  used  in  an  actual  pintle  application 
was  for  one  of  the  upper  miter  gate  leafs  for  Cannelton  Lock  on  the  Ohio  River, 
Tell  City,  IN  (Louisville  District).  The  bushing  material  was  Thordon  SXL.  Al¬ 
though  it  performed  well,  after  8  years  of  service  it  was  80  percent  eroded  and 
was  removed  and  replaced  with  a  similar  material.  Figure  1  shows  that  the 
pintle  bushing  displayed  signs  of  severe  wear  and  was  completely  worn  away  in 
several  places.  Note,  however,  that  the  pintle  was  undamaged  (Figure  2). 


Table  10  shows  typical  cost  of  miter  gate  pintle  bushings  materials,  as  reported 
by  manufacturers,  along  with  accelerated  wear  test  results  for  a  simulated 
200,000  open/close  cycles  (see  Attachment  1),  and  field  experience  in  pintle  ap¬ 
plications. 


Table  10.  Pintle  busing  material  costs/performance  data  (20/24-inch  diameter). 


Manufacturer 

Product 

Cost 
(US  $) 

Material 

Accelerated 
Testing  Results* 

Field  Experience 
(as  of  August 
2003) 

Thordon 

HPSXL 

SXL 

9,000  to 
11,000 

Polyurethane 

Thordon  HPSXL 
survived  200,000 
cycles;  clumping  of 
wear  debris  shows 
signs  of  impending 
breakdown 

Thordon  SXL  mate¬ 
rial  performed  well 
up  to  7  yr  in  Ohio 
River  (Cannelton 

Lock,  Tell  City,  IN; 
Louisville  District); 
80%  eroded  after  8 

JL _ 

Tenmat 

T814 

12,000  to 
14,500 

s 

Woven  Phenolic 

Survived  200,000 
cycles;  some 
evidence  <?f  over¬ 
heating 

None 

Kamatics 

KAron  V 

11,500  to 
14,000 

Glass  flake  epoxy  with 
polytetrafluoroethylene 
(PTFE) 

Survived  200,000 
cycles;  contact 
areas  uniformly 
coated  with 
lubricant;  bushing 
contact  areas 
polished  smooth. 

None 

*  Please  see  Attachment  1 . 
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Figure  1.  Self-lubricating  pintle  bearing  with  Thordon  SXL  material 
installed  at  Cannelton  Lock  in  1994;  removed/replaced  in  July  2002; 
self-lubricating  Thordon  SXL  material  was  approximately  80%  eroded 
after  8  years. 


Figure  2.  Pintle  that  mated  with  bearing  shown  in  Figure  1  shows  very 
little  wear  after  8  years. 
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8  Self-Lubricated  Mechanical 

Components:  Field  Performance  vs 
Properties 


No  correlation  was  noted  between  material  properties  and  actual  field  perform¬ 
ance.  This  is  not  surprising  given  that  the  available  data  are  fairly  limited. 
There  are  some  inconsistencies  such  as  the  unfavorable  rating  of  KAron  V  by  the 
Louisville  District  in  the  Olmsted  prototype  investigation.  Granted  the  bearing 
did  fail.  This  product  has  shown  well  in  laboratory  tests,  however,  and  was 
rated  excellent  by  field  users.  These  discrepancies  serve  to  highlight  the  relative 
importance  of  engineering  design. 

Another  issue  is  that  field  ratings  are  subjective  rather  than  analytical.  For  ex¬ 
ample,  it  is  difficult  to  compare  a  subjective  rating  of  “good”  for  a  bearing  that 
has  provided  trouble-free  service  for  18  years  versus  a  bearing  rated  “excellent” 
after  only  2  years  of  service.  This  may  in  fact  merely  represent  pride  in  engi¬ 
neering  rather  than  true  excellence  of  performance. 
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9  Conclusions 

Salient  Characteristics 

Important  characteristics  of  self-lubricating  bushings  for  navigation  projects  in¬ 
clude  load  bearing  capacity,  wear  rate,  and  coefficients  of  friction.  Perhaps  one 
of  the  most  important  characteristics  is  the  difference  between  static  and  dy¬ 
namic  coefficients  of  friction.  The  smaller  the  difference  in  these  values,  the  less 
likely  it  is  that  stick-slip  will  be  a  problem.  Aside  from  the  properties  of  the  self- 
lubricating  bushings,  engineering  design  considerations  are  also  important,  par¬ 
ticularly  specifying  proper  clearances  and  mating  surfaces. 


Problems  Encountered  in  Service 

Stick-slip  phenomena  were  the  most  frequently  noted  problems  encountered  in 
service.  In  one  case,  a  bearing  failed  in  service  due  to  loss  of  lubricant  plugs.  In 
some  cases,  bearings  were  replaced  due  to  wear. 


Installation  Techniques 

The  most  common  means  of  installing  self-lubricating  bushings  is  by  press¬ 
fitting.  Shrinking  prior  to  installation  by  means  of  liquid  nitrogen  is  also  a  com¬ 
mon  practice. 


Cost  Relative  to  Greased  Bronze  Bushings 

Many  users  reported  higher  costs  for  self-lubricating  bushings.  In  some  cases, 
however,  equal  or  lower  cost  was  reported. 
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10  Commercial  Availability 


In  general,  all  of  the  products  found  in  use  at  USACE  navigation  facilities  are 
commercially  available.  In  some  cases,  bushings  were  not  standard  items  and 
were  custom  fabricated  due  to  unusual  dimensions. 


Engineering  Support 

Questionnaire  respondents  generally  provided  little  information  on  the  issue  of 
engineering  support  from  suppliers.  The  Portland  District  indicated  that  they 
did  receive  support  from  Kamatics  and  Tenmat.  The  Louisville  District  reported 
that  Tenmat  supplied  them  with  an  Microsoft  Excel™  spreadsheet  design  tool. 
Garlock  and  Orkot  both  have  extensive  engineering  literature  available  to  cus¬ 
tomers  over  the  Internet.  None  of  the  respondents  indicated  that  engineering 
support  was  a  problem.  Lubrite  Technologies  reports  that  they  offer  technical 
design  assistance  and  have  a  testing  capability. 


Overall  Ratings  of  Products 

It  is  not  possible  to  rank  order  self-lubricating  bushings  in  a  meaningful  manner 
using  the  available  data.  Bearing  physical  properties  data  vary  in  a  nonlinear 
fashion.  This  fact  complicates  any  simple  rating  scheme.  It  terms  of  making  de¬ 
cisions  about  specific  materials  and  applications,  it  is  recommended  that  the 
specifier  learn  and  borrow  from  the  experience  of  the  USACE  engineering  com¬ 
munity  as  a  whole.  The  information  compiled  herein  is  a  useful  starting  point 
for  those  who  wish  to  use  self-lubricating  products. 


Recommended  Products 

Most  of  the  bearings  were  found  to  be  suitable  for  most  of  the  applications  where 
they  have  been  employed.  Most  users  reported  performance  equal  to  or  better 
than  greased  bronze  bushings.  Garlock  DU  and  Kamatics  KAron  V  bushings  are 
distinguished  by  their  low  coefficients  of  friction  and  smaller  than  average  dif¬ 
ferences  between  static  and  dynamic  coefficients  of  friction.  Garlock  and  Orkot 
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provide  extensive  engineering  data  on  their  websites.  The  specification  and  en¬ 
gineering  of  other  product  installations  requires  significant  input  from  the 
manufacturer.  Garlock  provides  enough  information  to  specify  and  design  an 
installation  without  input  from  the  supplier.  This  is  beneficial  to  the  extent  that 
product  selection  is  based  on  unbiased  data  rather  than  sales  engineering.  Al¬ 
though  user  experience  is  limited  for  Garlock  DU,  this  product  is  highly  recom¬ 
mended  because  of  its  properties,  engineering  data,  and  materials.  Tenmat 
Feroform  T814  and  Kamatics  KAron  V  are  also  highly  recommended  because  of 
their  properties  and  the  extensive  positive  field  experience  with  these  products. 
Tenmat  also  provides  a  software  design  program.  Thordon  TRAXL  bearings  are 
also  recommended.  Lubrite  products  have  been  used  with  uniform  success.  Lim¬ 
ited  field  data  are  available  at  this  time  on  the  use  of  Orkot  products  within 
USACE. 
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Appendix  A:  Questionnaires  on  Self 

Lubricating  Bushings 


***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Floating  Mooring  Bitt  Guide  Blocks 

Bearing  Manufacturer 

Tenmat 

Specific  Product  Installed 

Feroform  T814 

Size  of  Bearing  (length/diameter) 

8"x  8" 

Thickness 

i" 

Applied  Load  (if  known) 

~1 ,000  psi 

Arc  of  Rotation  (degrees) 

N/A 

Number  of  Cycles 

-720  feet  of  linear  travel/day 

River  Water  Conditions 

Fresh  water  with  minimal  contaminates 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Custom 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

More 

Date  Installed 

1997 

Length  of  Service  (years/months) 

4  years 

How  Installed 

Bolted  to  floating  mooring  bitt 

Mating  Surface 

Stainless  Steel 

Surface  Finish 

-125 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Good  for  the  mating  surface’s  poor  finish 

Debris  Imbedment  or  Contamination 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

None 
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ATTRIBUTE 

INFORMATION 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Better 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

The  floating  mooring  bitts  continue  to  operate  as  intended  with  no 
operational  or  maintenance  issues. 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  1 


ATTRIBUTE 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application 


Bearing  Manufacturer 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) _ 

Thickness 


Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees) 


Number  of  Cycles  _ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ _ _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface  _ 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


INFORMATION 


Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 


Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927  _ 


Floating  Mooring  Bitt  Rollers 


Kamatics 


KAron  V 


5"  I.D. 


0.625" 


-2,500  psi 


360 _ 

240  revolutions/day 


Not  applicable,  bearing  out  of  water _ _ 

Custom 


300  series  Stainless  Steel  with  chrome  overlay 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Excellent 


26 


ERDC/CERL  SR-04-8 


ATTRIBUTE 

INFORMATION 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

None 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Better 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Rollers  continue  to  operate  as  intended  with  no  operational  or  main¬ 
tenance  issues. 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Floatinq  Mooring  Bitt  Rollers 

Bearinq  Manufacturer 

Lubron 

Specific  Product  Installed 

AQ  100 

Size  of  Bearing  (length/diameter) 

5"  I.D. 

Thickness 

0.625" 

Applied  Load  (if  known) 

-2,500  psi 

Arc  of  Rotation  (degrees) 

360 

Number  of  Cycles 

240  revolutions/day 

River  Water  Conditions 

Not  applicable,  bearing  out  of  water 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Custom 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

More 

Date  Installed 

1995 

Length  of  Service  (years/months) 

2  years 

How  Installed 

Press  fit  into  stainless  steel  roller 
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ATTRIBUTE 


Mating  Surface 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method 


Inspection  Results 


Problems  Encountered  In  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a 
similar  application? _ . 


Additional  Comments 


INFORMATION 


300  series  Stainless  Steel 


63 


Data  Not  Available 


Data  Not  Available 


Yes 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Squealing  and  stick/slip  operation 


Worse 


Poor/unsatisfactory 


No 


Bearing  squealed  and  exhibited  stick/slip  once  the  brake-in  grease 
had  dissipated.  The  rollers  were  replaced  in  1997  with  a  new  design 
and  different  self-lubricating  material. 


***  Please  submit  a  separate 

Questionnaire  for  each  application  at  each  installation  *** 

ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Floating  Mooring  Bitt  Thrust  Washers 

Bearing  Manufacturer 

Tenmat 

Specific  Product  Installed 

Feroform  T814 

Size  of  Bearing  (length/diameter) 

5"  I.D.  and  7  VS*  O.D. 

Thickness 

3/8" 

Applied  Load  (if  known) 

Minimal 

Arc  of  Rotation  (degrees) 

N/A 

Number  of  Cycles 

N/A 

River  Water  Conditions 

Not  in  the  water 
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ATTRIBUTE  _ 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ _ 


Date  Installed  _ 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface _ 


Surface  Finish 


Ease  of  Machining  _ _ 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected  _ 


Inspection  Method _ 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good ,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a 
similar  application? _ 


Additional  Comments 


INFORMATION 


Stainless  Steel 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Excellent 


The  floating  mooring  bitts  continue  to  operate  as  intended  with  no 
operational  or  maintenance  issues.  ^ 
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Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Miter  Gate  Pin  Bushings 

Bearing  Manufacturer 

Lubron 

Specific  Product  Installed 

Lubron  AQ  30 

Size  of  Bearing  (length/diameter) 

Upper -Length  12",  11.25"  ID 

Lower  -  Length  5  5/8",  5.2”  ID 

Thickness 

Upper,  0.875”  Lower,  0.625" 

Applied  Load  (if  known) 

-2,500  psi 

Arc  of  Rotation  (degrees) 

40 

Number  of  Cycles 

16/day 

River  Water  Conditions 

Not  applicable,  bearing  out  of  water 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Custom 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

More 

Date  Installed 

1996 

Length  of  Service  (years/months) 

5  years 

How  Installed 

Press  fit  into  cast  steel  housing 

Mating  Surface 

Stainless  Steel 

Surface  Finish 

63 

Ease  of  Machining 

Problems  During  Installation 

Tight  Tolerances 

Engineering  Support  From  Supplier 

Yes 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

None 

Inspection  Method 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Squealing  of  Joint 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Worse 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Poor/unsatisfactory 
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ATTRIBUTE 

INFORMATION 

Would  you  recommend  this  product  for  a 
similar  application? 

No 

Additional  Comments 

Bearing  squeals  once  the  brake-in  grease  has  dissipated. 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Swing  Bridge  Center  Pivot  Bearing 

Bearinq  Manufacturer 

Lubron 

Specific  Product  Installed 

TF400 

Size  of  Bearing  (length/diameter) 

60"  spherical 

Thickness 

-0.060  PTFE  with  fiberglass  backing 

Applied  Load  (if  known) 

-2,500  psi 

Arc  of  Rotation  (degrees) 

110 

Number  of  Cycles 

16/day 

River  Water  Conditions 

Not  applicable 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Custom 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

More 

Date  Installed 

March  1 994 

Length  of  Service  (years/months) 

7  years 

How  Installed 

r 

Mating  Surface 

304  stainless  steel 

Surface  Finish 

16 

Ease  of  Machining 

Moderate 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes 

Ease  of  Installation 

Wear  Resistance 

Fair 

Debris  Imbedment  or  Contamination 

None 

Last  Inspected 

March  2001 

Inspection  Method 

Periodically  analyze  wear  debris  for  fiberglass 

Inspection  Results 

Fiberglass  bundles  mixed  in  wear  debris  after  6  Vz  years  of  use. 
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Problems  Encountered  in  Service 

None 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Better 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Fair 

Would  you  recommend  this  product  for  a 
similar  application? 

No 

Additional  Comments 

A  replacement  bearing  utilizing  an  improved  design  was  installed  in 
March  2001. 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Ron  Wridge,  Mechanical  Engineer 
(503)  808-4927 

Application 

Swing  Bridge  Center  Pivot  Bearing 

Bearing  Manufacturer 

Kamatics 

Specific  Product  Installed 

KAron  V 

Size  of  Bearing  (length/diameter) 

50  inch  spherical 

Thickness 

0.040  self-lubricating  liner  thickness 

Applied  Load  (if  known) 

~3,500  psi 

Arc  of  Rotation  (degrees) 

110 

Number  of  Cycles 

16/day 

River  Water  Conditions 

Not  applicable 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Custom 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

More 

Date  Installed 

March  2001 

Length  of  Service  (years/months) 

2  months 

How  Installed 

Mating  Surface 

17-4  PH,  H900 

Surface  Finish 

16 

Ease  of  Machining 

Moderate 
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ATTRIBUTE 

INFORMATION 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes 

Ease  of  Installation 

Wear  Resistance 

Excellent 

Debris  Imbedment  or  Contamination 

None 

Last  Inspected 

March  2001 

Inspection  Method 

Wear  indication  pins  (continuity  check  across  bearing) 

Inspection  Results 

New  bearing,  no  results  yet 

Problems  Encountered  In  Service 

TBD 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

TBD 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

TBD 

Would  you  recommend  this  product  for  a 
similar  application? 

TBD 

Additional  Comments 

New  bearing 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Bonneville  Navication  Lock,  Cascade  Locks,  Oregon 

Name/Title/Phone  Number  of  Contact 

Kevin  Perletti,  Mechanical  Engineer 
(541)  374-4572 

Application 

Tainter  Valve  Connecting  Rod  Slide  Bushings 

Bearing  Manufacturer 

Lubron 

Specific  Product  Installed 

Lubron  AQ  30 

Size  of  Bearing  (length/diameter) 

Length  10",  6"  ID 

Thickness 

0.625" 

Applied  Load  (if  known) 

Arc  of  Rotation  (degrees) 

Not  Applicable,  Use  for  sliding2 

Number  of  Cycles 

16 

River  Water  Conditions 

Moderate  silt,  clams 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 

Custom 
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ATTRIBUTE _ _ _ INFORMATION 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing  More 

(more,  less,  same) _ 

Date  Installed  1993 


Length  of  Service  (years/months) 

8 

How  Installed 

Force  fit,  FN2 

Mating  Surface _ 17400  PH 

Surface  Finish _ 63 _ 

Ease  of  Machining _ 

Problems  During  Installation 

Engineering  Support  From  Supplier _ 

Ease  of  Installation _ 

Wear  Resistance _ 

Debris  Imbedment  or  Contamination _ 

Last  Inspected _ 


Inspection  Results 


Problems  Encountered  in  Service 

None 

Bearing  Performance  Relative  to  Greased 

Same 

Bronze  (better,  same,  worse,  much  worse) 

Overall  Rating  (excellent,  very  good, 

Very  good 

good,  poor,  unsatisfactory) 

Would  you  recommend  this  product  for  a 

Yes 

similar  application? 

Additional  Comments 

No  known  problems  to  date 
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Name/Title/Phone  Number  of  Contact 


Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  * 

ATTRIBUTE  INFORMATION 

Project  Name/Location _ Bonneville  Navigation  Lock,  Cascade  Locks,  Oregon 

Kevin  Perletti,  Mechanical  Engineer 
(541)  374-4572 _ 


Tainter  Valve  Trunnion  Bushings  _ 


Lubron  _ ____ 


Lubron  AQ  30  _ 


Length  20”,  15"  ID _ 


0.75” 


Application  _ 


Bearing  Manufacturer _ 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) _ 


Thickness  _ _ 


Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees)  _ __ 


Number  of  Cycles _ _ 


River  Water  Conditions  _ 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ . 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same)  ■ 


Date  Installed 


Length  of  Service  (years/months) 


How  Installed 


Mating  Surface _ 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Moderate  silt,  clams 


Custom 


Data  Not  Available 


Data  Not  Available 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected _ 


Inspection  Method  _ 


Inspection  Results 


Data  Not  Available _ _ _ _ _ 


Data  Not  Available _ _ _ 


Data  Not  Available _ _ 


Data  Not  Available  _ 


1994  _ 


Removal  of  Trunnion  pins _ _ _ 

Corrosion  was  occurring  on  pins.  Pin  material  was  changed  in  1994 
from  668  to  8620 


Problems  Encountered  in  Service 


Corrosion  between  A668  and  Lubron  bushing.  Pin  material  replaced. 


Bearing  Performance  Relative  to  Greased  Same 
Bronze  (better,  same,  worse,  much  worse) _ 


Overall  Rating  (excellent,  very  good,  Good 

good,  poor,  unsatisfactory) 
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ATTRIBUTE 

INFORMATION 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes  with  correct  pin  material 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

John  Day  Lock  &  Dam,  Columbia  River,  OR-WA 

Name/Title/Phone  Number  of  Contact 

Mike  Colesar,  Mechanical  Engineer,  541-298-7567 

Application 

Navlock  fainter  valve  trunnion  bushings 

Bearing  Manufacturer 

Orkot 

Specific  Product  Installed 

TXM-Marine 

Size  of  Bearing  (length/diameter) 

14"  ID  x  20"  long,  2  bushings  per  valve 

Thickness 

0.84" 

Applied  Load  (if  known) 

250  kip 

Arc  of  Rotation  (degrees) 

40 

Number  of  Cycles 

1,000 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  material,  custom  machined 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Same 

Date  Installed 

June  2000 

Length  of  Service  (years/months) 

1  year 

How  Installed 

Adhesive 

Mating  Surface 

17-4  PH  SS 

Surface  Finish 

32 

Ease  of  Machining 

Fairly  hard 

Problems  During  Installation 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

TBD 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

TBD 

Would  you  recommend  this  product  for  a 
similar  application? 

TBD 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Little  Goose,  Dayton,  WA 

Name/Title/Phone  Number  of  Contact 

Phil  Rider,  509-399-2233 

Application 

Floating  Mooring  Bits 

Bearinq  Manufacturer 

Garlock 

Specific  Product  Installed 

Garlock  "DU"  bearings 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available  ^ 

River  Water  Conditions 

Probably  silty  most  of  the  year 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Garlock  could  still  have  some  records. 

Installed  Cost  relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

Auqust  1984 

Length  of  Service  (years/months) 

Approx  18  years 

How  Installed 

Nothing  found  on  installation  process,  prints,  or  contracts. 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Supplier  was  Garlock.  Wayne  John  was  the  Project  Engineer. 
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ATTRIBUTE 

INFORMATION 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Appeared  to  be  good. 

Debris  Imbedment  or  Contamination 

Silt. 

Last  Inspected 

Approx.  1994  or  5  (mooring  bitt  pulled  because  of  other  problem) 

Inspection  Method 

Visual  if  problem  reported  (no  problems  reported) 

Inspection  Results 

Didn’t  appear  to  be  any  major  problems.  They  were  a  little  tight  be¬ 
cause  of  silt,  if  1  remember  correct,  but  did  move. 

Problems  Encountered  in  Service 

None  as  yet  * 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Appears  to  be  doing  good. 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

We  have  had  no  problems  with  the  mooring  bitts. 

Would  you  recommend  this  product  for  a 
similar  application? 

It  did  seem  to  be  in  pretty  good  shape. 

Additional  Comments 

We  had  a  bitt  sinking,  which  was  unrelated  but  while  it  was  out  we 
did  some  inspections  and  repairs  (i.e.,  gaskets,  anode  replacement, 
guide  repair,  etc.). 

Mech.  Foreman  in  84  was  Ken  Weeks  and  the  Project  Engineer  was 
Wayne  John. 

1  could  not  find  any  prints  other  than  orig.  inst.  -LGN-1-5-10/1&2 

_ ***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 

ATTRIBUTE _ INFORMATION _ 

Project  Name/Location _ Barkley  Lock  -  Nashville  District _ _ _ 

Name/Title/Phone  Number  of  Contact _ Rick  Williams  -  615-736-7824 _ 

Application _ Floating  mooring  bitt  rollers _ 

Bearing  Manufacturer _ Data  Not  Available _ _ 

Specific  Product  Installed _ Data  Not  Available _ 

Size  of  Bearing  (length/diameter) _ Data  Not  Available _ 

Liner  Thickness _ Data  Not  Available _ 

Applied  Load  and  Pressure _ Data  Not  Available _ 

Arc  of  Rotation  (degrees) _ Data  Not  Available _ 

Number  of  Cycles _ Data  Not  Available _ 

River  Water  Conditions _ Data  Not  Available _ _ 

Commercial  Availability  (standard  manu-  Data  Not  Available 
facturer  product,  custom  item,  no  longer 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing  Data  Not  Available 

(more,  less,  same) _ ‘ _ 

Date  Installed  Data  Not  Available 


Length  of  Service  (years/months) 
How  Installed 


Data  Not  Available 
Data  Not  Available 


Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

Data  Not  Available 
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'  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 


Project  Name  and  Location: _ 


Name  and  Phone  Number  of  Contact: 


Bearing  Manufacturer: _ _ 


Specific  Bearing  Product  (Company  Name, 
etc.): 


Where  Used,  (Ex:  “mooring  bitt  bushings”): 


Size  of  bearing,  (Ex:  “3.5"  I.D.  x  2.5"  Long”): 


Applied  load,  if  known: 


Date  installed: 


Length  of  service,  in  Years  and  Months: 


Arc  of  Rotation,  in  Degrees:  _ 


Number  of  Cycles  to  date  (or  to  failure,  if  failed).' 
Give  best  estimate: 


Bearing  Performance: 

a.  Relative  to  greased  bronze: 

1)  Better  than 

2)  Equal  to 

3)  Poorer  than 

4)  Much  poorer  than 

b.  Overall  rating  as  a  bearing: 

1)  Outstanding 

2)  Very  Good 

3)  Good 

4)  Poor 

5)  Totally  Unsatisfactory 


INFORMATION 


Rehabilitate  East  and  West  Locks,  Colorado  River  Locks 


Simon  DeSoto-  979-863-2318  (office)  -  979-863-2127  (fax) 


Thordon  Bearings,  Inc.  _ 


Upper  Bushing  -  HPSXL  on  Bronze 
Lower  Bushing  -  SXL  on  Bronze 
Top  Thrust  Washer  -  SXL  on  Bronze 

Lower  Thrust  Washer  -  HPSXL  on  Bronze _ 

Top  and  Bottom  Hinge  Pin  Bushings  and  Middle  Thrust  Washer 
on  the  East  Lock-West  Gate  and  East  Lock-East  Gate 


Top  Bushing  - 10.0124"  I.D.  X  10”  long 

Bottom  Bushing  - 12.0156"  I.D.  X  25.75"  long 

Thrust  Washer  - 12.0156"  I.D.  X  24"  O.D.  X  0.75"  thick 


Top  Bushing  285.9  kips 
Bottom  Bushing  809.5  kips 
Thrust  Washer  255.6  kips 


East  Lock  -  West  Gate  June  1998 

East  Lock  -  East  Gate  February  1 999 _ 


East  Lock  -  West  Gate  -  2  years  and  8  months 
East  Lock  -  East  Gate  -  2  years 


60  degrees _ 


East  Lock  -  West  Gate  - 100,000  cycles 
East  Lock  -  East  Gate  -  36,000  cycles 


a.  During  Installation 

Vibration  initially  noted  on  1  (East  Lock,  West  Gate,  North  Sec¬ 
tor)  of  4  sectors.  Vibration  eventually  subsided  after  approxi¬ 
mately  2-4  weeks;  suspect  bushings  finally  seated. 

b.  In  service 

The  upper  hinge  bushing  failed  on  the  North  River  side  sector 
of  the  East  Lock  (January  2004).  The  cause  for  failure  is  not 
known.  The  hinge  has  been  temporarily  repaired  by  supplying 
grease  between  the  bushing  and  pin. 

c.  Engineering  Support  from  bearing  manufacturer 


40 


ERDC/CERL  SR-04-8 


Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 

ATTRIBUTE _  INFORMATION _ _ 

Project  Name/Location _ Kentucky  Lock  -  Nashville  District _ 


Name/Title/Phone  Number  of  Contact  Rick  Williams  -  615-736-7824 _ _ 


Sector  Gear 


Application  _ _ 


Bearing  Manufacturer _ 


Specific  Product  Installed _ 

Size  of  Bearing  (length/diameter) _ 


Liner  Thickness 


Applied  Load  and  Pressure _ 


Arc  of  Rotation  (degrees) _ 


Number  of  Cycles  _ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ _ 


Date  Installed  _ _ 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface _ 


Surface  Finish 


Ease  of  Machining  _ 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected  _ 


Inspection  Method _ 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 


Would  you  recommend  this  product  for  a 
similar  application? 


Thordon 


L=7.25  inch,  ID=12.500  inch 


***  Please  submit  a  separate 


ATTRIBUTE 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application _ 


Bearing  Manufacturer _ 


Specific  Product  Installed  _ _ 


Size  of  Bearing  (length/diameter) _ 


Liner  Thickness 


Applied  Load  and  Pressure  _ 


Arc  of  Rotation  (degrees) _ 


Number  of  Cycles 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 


Date  Installed 


Length  of  Service  (years/months) 


How  Installed 


Mating  Surface _ _ 


Surface  Finish 


Ease  of  Machining  _ 


Problems  during  Installation 


Engineering  Support  from  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected  _ _____ 


Inspection  Method 


Inspection  Results 


Questionnaire  for  each  application  at  each  installation  1 


INFORMATION 


Kentucky  Lock  -  Nashville  District _ 


Rick  Williams  -  615-736-7824 


Strut  Pins 


Thordon 


Data  Not  Available _ 

Data  Not  Available 


Data  Not  Available _ 

Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


JData  Not  Available 
Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

Data  Not  Available 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Kentucky  Lock  -  Nashville  District 

Name/Title/Phone  Number  of  Contact 

Rick  Williams  -  615-736-7824 

Application 

Floating  mooring  bitt  rollers 

Bearing  Manufacturer 

Thordon  (7);  Kamatics  (1) 

Specific  Product  Installed 

Thordon  TRAXL;  KAron  V  (on  304  or  316  stainless  steel) 

Size  of  Bearing  (length/diameter) 

??  ;  parallel  rollers  L=1.50  inch,  ID=2.75  inch  and  perpendicular  roller 
L=3.00  inch,  ID=2.00  inch 

Liner  Thickness 

??;  0.040  inch  minimum 

Applied  Load  and  Pressure 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

360 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

Data  Not  Available 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Pressure  fitted 

Mating  Surface 

304  or  316  stainless 

Surface  Finish 

32  RMS  or  better  (shafts) 

Ease  of  Machining 

Problems  During  Installation 

Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 

_ ***  Piease  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 

ATTRIBUTE _ INFORMATION _ 

Project  Name/Location _ Melvin  Price  Locks  /  Mississippi  River- Alton,  IL _ 

Name/Title/Phone  Number  of  Contact _ Walter  Wagner  /  314-331-8272 _ 

Application _ Lift  Gate  Downstream  Reaction  Rollers _ 

Bearing  Manufacturer _ Lubrite  Technologies.,  Hanover,  MA _ 

Specific  Product  Installed _ ASTM  B148,  C95500,  Type  G10  internal  surface  lubrited 

Size  of  Bearing  (length/diameter) _ 12.5"  long  x  8"  OP  x  6.5”  ID  (nominal) _ 

Thickness _ 0.711"  thick _ _ 

Applied  Load  (if  known) _ Data  Not  Available _ 

Arc  of  Rotation  (degrees) _ 360 _ 

Number  of  Cycles _ 60,000  per  year _ 

River  Water  Conditions _ Silt,  chemicals,  etc. _ 

Commercial  Availability  (standard  manu-  Standard  manufactured  product 
facturer  product,  custom  item,  no  longer 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing  N.A. 

(more,  less,  same) 

Date  Installed 


1988 
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Lenqth  of  Sen/ice  (years/months) 

13  years 

How  Installed 

Construction  Contractor 

Matinq  Surface 

A668,  Class  H,  200  BHN  (min.) 

Surface  Finish 

125 

Ease  of  Machining 

N.A. 

Problems  During  Installation 

N.A. 

Engineering  Support  From  Supplier 

N.A. 

Ease  of  Installation 

N.A. 

Wear  Resistance 

N.A. 

Debris  Imbedment  or  Contamination 

N.A. 

Last  Inspected 

Never 

Inspection  Method 

N.A. _ _ _ J 

Inspection  Results 

N.A. 

Problems  Encountered  in  Service 

None  to  date. 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Better 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Very  good 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Old  Hickory  Lock  -  Nashville  District 

Name/Title/Phone  Number  of  Contact 

Rick  Williams  -  615-736-7824 

Application 

Floatinq  mooring  bitt  rollers 

Bearing  Manufacturer 

Thordon 

Specific  Product  Installed 

Thordon  SXL 

Size  of  Bearing  (length/diameter) 

Parallel  rollers  L=2.983  inch,  OD=2.896  inch 

Perpendicular  roller  L=2.796,  OD=3.901  inch 

Liner  Thickness 
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ATTRIBUTE 


Applied  Load  and  Pressure 


Arc  of  Rotation  (degrees) 


Number  of  Cycles  _ ___ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  installed 


INFORMATION _ 

Parallel  rollers  130,000  pounds  and  17,333.33  PSI 
Perpendicular  roller  130,000  pounds  and  14,224.751  PSI 


360 


Data  Not  Available _ _ 

Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Interference  freeze  fit 


Mating  Surface 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Stainless  steel 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method _ 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a 
similar  application?  _ 


Additional  Comments 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
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***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Old  Hickory  -  Nashville  District 

Name/Title/Phone  Number  of  Contact 

Rick  Williams  -  615-736-7824 

Application 

Strut  Pin  Bearings,  Upper  and  Lower 

Bearinq  Manufacturer 

Thordon 

Specific  Product  Installed 

Thordon  TRAXL  on  ASTM  B148  Bronze 

Size  of  Bearing  (length/diameter) 

Upper  L=6.5  inch,  ID=9.011  inch 

Lower  L=4.5  inch,  ID=4.006  inch 

Liner  Thickness 

0.125  inch 

Applied  Load  and  Pressure 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

Data  Not  Available 

Lenqth  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

***  Please  submit  a  separate 


ATTRIBUTE 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application  _ _ 


Bearing  Manufacturer _ 


Specific  Product  Installed 


Size  of  Bearing  (length/diameter) 


Thickness 


Applied  Load  (if  known)  _ _ 


Arc  of  Rotation  (degrees) 


Number  of  Cycles  _ _____ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method _ 


Inspection  Results 


Questionnaire  for  each  application  at  each  installation  *** 


INFORMATION 


Melvin  Price  Locks  /  Mississippi  River -Alton,  IL _ 


Walter  Wagner  /  314-331-8272  _ 


Culvert  Valve  Pivot  Bushings 


Lubrite  Technologies,  Hanover,  MA  _ 


ASTM  B148,  C95500,  Type  G10  internal  surface  lubrited 


21"  long  x9"  ODx8"  ID  (nominal) _ 


0.5"  thick 


60,000  per  year _ 


Silt,  chemicals,  etc. 


Standard  manufactured  product 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  in  Service 

Loss  of  lubricant  plugs 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Worse 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Poor 

Would  you  recommend  this  product  for  a 
similar  application? 

No 

Additional  Comments 

The  field  assembly  crew  determined  that  the  dimensions  were  incor¬ 
rect.  The  cut  through  some  of  the  lubricant  holes,  which  caused  a 
loss  of  lubricant. 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Melvin  Price  Locks  /  Mississippi  River -Alton,  IL 

Name/Title/Phone  Number  of  Contact 

Walter  Wagner  /  314-331-8272 

Application 

Culvert  Valve  Pivot  Bushings 

Bearing  Manufacturer 

Lubrite  Technologies,  Hanover,  MA 

Specific  Product  Installed 

ASTM  B148,  C95500,  Type  G10  internal  surface  lubrited 

Size  of  Bearing  (length/diameter) 

12"  long  x  7"  OD  x  6"  ID  (nominal) 

Thickness 

0.5”  thick 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

60 

Number  of  Cycles 

60,000  per  year 

River  Water  Conditions 

Silt,  chemicals,  etc. 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  manufactured  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(moire,  less,  same) 

More 

Date  Installed 

1992 

Length  of  Service  (years/months) 

9  years 

How  installed 

Hired  Labor 

Mating  Surface 

A668,  Class  J 

Surface  Finish 

32 

Ease  of  Machining 

N.A. 

Problems  during  Installation 

None 
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Engineering  Support  from  Supplier 

N.A. 

Ease  of  Installation 

Wear  Resistance 

N.A. 

Debris  Imbedment  or  Contamination 

N.A. 

Last  Inspected 

Never 

Inspection  Method 

N.A. 

Inspection  Results 

N.A. 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Same 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Good 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


Project  Name/Location _ Locks  No.  27  /  Mississippi  River  -  Granite  City,  IL 


Name/Title/Phone  Number  of  Contact _ Walter  Wagner  /  314-331  -8272 _ 

Application _ Miter  Gate  Hydraulic  Cylinder  Cardanic  Ring  Pillow  Blocks 

Bearing  Manufacturer _ Piles  500,  Orebro,  Sweden _ 

Specific  Product  Installed _ Johnson  Metal  JM3-15 _ 

Size  of  Bearing  (length/diameter) _ 162  mm  long  x  225  mm  OP  x  200  mm  ID  (nominal) _ 

Thickness _ ^ _ 12.5  mm  thick _ 

Applied  Load  (if  known) _ Data  Not  Available _ 

Arc  of  Rotation  (degrees) _ 20 _ 

Number  of  Cycles _ 60,000  per  year _ 

River  Water  Conditions _ Silt,  chemicals,  etc. _ 

Commercial  Availability  (standard  manu-  Standard  manufactured  product 
facturer  product,  custom  item,  no  longer 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing  N.A. 

(more,  less,  same) 

Date  Installed 


1998 
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ATTRIBUTE 

INFORMATION 

Length  of  Service  (years/months) 

3  years 

How  installed 

Construction  Contractor 

Mating  Surface 


Surface  Finish 


34Cr  NiMo6V,  DIN  17200 


Ease  of  Machining 

N.A. 

Problems  during  Installation 

N.A. 

Engineering  Support  from  Supplier 

N.A. 

Ease  of  Installation 

N.A. 

Wear  Resistance 

N.A. 

Debris  Imbedment  or  Contamination 

N.A. 

Last  Inspected 

Never 

Inspection  Method 

N.A. 

Inspection  Results 

N.A. 

Problems  Encountered  in  Service 

None  to  date. 

Bearing  Performance  Relative  to  Greased 

Better 

Bronze  (better,  same,  worse,  much  worse) 

Overall  Rating  (excellent,  very  good, 

Very  good 

good,  poor,  unsatisfactory) 

Would  you  recommend  this  product  for  a 

Yes 

similar  application? 

Additional  Comments 


ATTRIBUTE 


'  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 

I  INFORMATION 


Project  Name/Location 

The  Dalles  Lock  &  Dam,  ORA/VA  (Columbia  River) 

Name/Title/Phone  Number  of  Contact 

Steve  Dingman,  mech.  engr.,  541-298-7545 

Application 

Navigation  Lock  Operating  Machinery 

Bearing  Manufacturer 

(proposed:  Orkot) 

Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) 


Thickness 
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Applied  Load  (if  known) _ _ 


Arc  of  Rotation  (degrees)  _ 


Number  of  Cycles _ _ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface 


Surface  Finish 


(Upper  Gate)  705K  horiz.  max. ;  (valves)  unknown 


(Upper  Gate)  -  80  deg.;  (valve)  -  56  deg. _ 


-10  lockages  per  day _ 


Fresh  water,  moderate  silt;  temp,  range  -  30-70  °F 


Ease  of  Machining _ ____ 


Problems  During  Installation 


(This  page:  see  “Additional  Comments”,  below) 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Would  you  recommend  this  prdduct  for  a 
similar  application? 

Additional  Comments 

*  No  non-metallic  bushings  have  been  installed  at  The  Dalles  Dam 
yet.  They  are  planning  to  do  so  on  Navlock  Drain  Valve  No.  2  in 

2003,  and  we  will  replace  both  trunnion  bushings  and  all  operator 
guide  bushings.  Also,  we  are  preparing  to  replace  original  bronze 
bushings  with  non-metallic  bushings  at  the  trunnions  of  Spill  Gate  No. 
9. 
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***  Please  submit  a  separate 


ATTRIBUTE  _ 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application _ _ 


Bearing  Manufacturer _ 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) _ 


Thickness  _ 


Applied  Load  (if  known) _ _ 


Arc  of  Rotation  (degrees) _ 


Number  of  Cycles _ 


River  Water  Conditions  _ 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) 


How  Installed 


Questionnaire  for  each  application  at  each  installation  *** 


INFORMATION  _ _ 


Melvin  Price  Locks  /  Mississippi  River -Alton,  IL _ 


Walter  Wagner/ 314-331-8272 _ _ 


Tainter  Gate  Trunnion  Bushings  _ 


Lubrite  Technologies,  Hanover,  MA _ 


ASTM  B148,  C95500,  Type  G10  internal  surface  lubrited 


23.5”  long  x  25"  OP  x  23"  ID  (nominal) _ 


1"  thick  _ 


Data  Not  Available 


89  _ _ 


<  1 ,000  per  year  _ _ 


Silt,  chemicals,  etc.  _ _ 


Standard  manufactured  product 


19  years  _ 


Construction  contractor 


Mating  Surface _ 


Surface  Finish 


Ease  of  Machining  _ 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation  _ 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected  _ _ 


Inspection  Method _ 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased  Same 
Bronze  (better,  same,  worse,  much  worse) _ 


Overall  Rating  (excellent,  very  good,  Good 

good,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a  Yes 
similar  application? 


A668,  Class  D  (max,  carbon  =  0.30%) 


32 
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ATTRIBUTE 

INFORMATION 

Additional  Comments 

None 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Chicago  Harbor  Lock 

Name/Title/Phone  Number  of  Contact 

Steve  Hungness 

Application 

Lock  sector  gates  -  rollers 

Bearing  Manufacturer 

Kamatics 

Specific  Product  Installed 

KAron  V 

9"  id  (2-sleeves  each);  ~  7"  long 

Thickness 

40  mils  on  FRP  sleeve  (ie.  composite  backing) 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

360 

Number  of  Cycles 

10,000/year 

River  Water  Conditions 

Immersed,  silt 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Less  « 

Date  Installed 

2  gates  in  1998  and  2  gates  in  1999 

Length  of  Service  (years/months) 

How  Installed 

Friction  fit 

Mating  Surface 

Stainless  steel 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Side  seal  used  to  prevent  -  mfg  Boosik  and  Chamban 

Last  Inspected 

Not 

Inspection  Method 

N/A 

Inspection  Results 

N/A 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  in  Service 

None 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Better 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Chicaqo  Harbor  Lock 

Name/Title/Phone  Number  of  Contact 

Steve  Hunqness 

Application 

Upper  hinge  pin 

Bearing  Manufacturer 

Kamatics 

Specific  Product  Installed 

KAron  V 

Size  of  Bearing  (length/diameter) 

Thickness 

Applied  Load  (if  known) 

Low  load 

Arc  of  Rotation  (degrees) 

Number  of  Cycles 

10,000/year 

River  Water  Conditions 

In  the  dry 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

2  qates  in  1998  and  2  gates  in  1999 

Length  of  Service  (years/months)'" 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

None  reported 

Engineering  Support  From  Supplier 

Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

None 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

Data  Not  Available 

t 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** _ 

INFORMATION _ 

Markland _ _ 

Todd  Crutchfield  -  859-567-7444 _ 

Culvert  valve  trunnion  pins  2  each  per  valve _ 

Tenmat _ _ 

Feroform  T814 _ 

1 3.625"  idax  24.125"  L _ 

0.8" _ _ 

7,000  psi  _ 

45 _ 

Number  of  Cycles _ _ _ 

River  Water  Conditions _ Immersed,  silt _ 

Commercial  Availability  (standard  manu-  Standard  item 

facturer  product,  custom  item,  no  longer 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing  About  the  same 

(more,  less,  same) _ _ _ _ 

Date  Installed _ April  2000 _ _ 

Length  of  Service  (years/months) _ Data  Not  Available _ _ 


ATTRIBUTE _ 

Project  Name/Location _ 

Name/Title/Phone  Number  of  Contact 

Application _ 

Bearing  Manufacturer _ 

Specific  Product  Installed _ 

Size  of  Bearing  (length/diameter) 

Thickness _ 

Applied  Load  (if  known) _ _ 

Arc  of  Rotation  (degrees)  _ 
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ATTRIBUTE 

INFORMATION 

How  Installed 

Data  Not  Available 

Matinq  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes,  Excel  spreadsheet 

Ease  of  Installation 

Very  easy 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


■  ’  ~  ■  : . i 

ATTRIBUTE 

INFORMATION 

Project  Name/Location 

McAlpine 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Culvert  valve  trunnion  pins  2  each  per  valve 

Bearing  Manufacturer 

Tenmat 

Specific  Product  Installed 

Feroform  T814 

Size  of  Bearing  (length/diameter) 

13.625"  idax  24.125"  L 

Thickness 

0.8" 

Applied  Load  (if  known) 

7,000  psi 
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ATTRIBUTE 


INFORMATION 


Arc  of  Rotation  (degrees) 


45 


Number  of  Cycles 


River  Water  Conditions 


Immersed,  silt 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) _ 


Standard  item 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


About  the  same 


Date  Installed 


April  2000 


Length  of  Service  (years/months) 


Data  Not  Available 


How  Installed 


Data  Not  Available 


Mating  Surface 


Data  Not  Available 


Surface  Finish 


Data  Not  Available 


Ease  of  Machining 


Excellent 


Problems  During  Installation 


None 


Engineering  Support  From  Supplier 


Yes,  Excel  spreadsheet 


Ease  of  Installation 


Very  easy 


Wear  Resistance 


Data  Not  Available 


Debris  Imbedment  or  Contamination 


Data  Not  Available 


Last  Inspected 


Data  Not  Available 


Inspection  Method 


Data  Not  Available 


Inspection  Results 


Data  Not  Available 


Problems  Encountered  in  Service 


Data  Not  Available 


Bearing  Performance  Relative  to  Greased  Not  enough  data 

Bronze  (better,  same,  worse,  much  worse) _ 

Overall  Rating  (excellent,  very  good,  Excellent 

good,  poor,  unsatisfactory) _ _ 

Would  you  recommend  this  product  for  a  Yes  ' 

similar  application? _ _ _ 

Additional  Comments  Very  happy  with  installation  and  performance  of  this  product  to  date. 

Installed  with  hard-chromed  stainless  steel  pins,  17-4. 
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***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Markland 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Culvert  valve  crosshead 

Bearinq  Manufacturer 

Tenmat 

Specific  Product  Installed 

Feroform  T814 

Size  of  Bearinq  (length/diameter) 

8.625"  dia  x  6.5"  L 

Thickness 

0.8"  ...  . 

Applied  Load  (if  known) 

3500  psi 

Arc  of  Rotation  (degrees) 

45  deqrees 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Same 

Date  Installed 

March  2000  and  April  2001 

Lenqth  of  Service  (years/months) 

How  Installed 

Shrink  fit  with  liquid  nitrogen 

Matinq  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes,  Excel  spreadsheet  program 

Ease  of  Installation 

Very  easy 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

/ 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 
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ATTRIBUTE 

INFORMATION 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  ’ 


ATTRIBUTE 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application  _ _ 


Bearing  Manufacturer _ 


Specific  Product  Installed 


Size  of  Bearing  (length/diameter) _ 


Thickness 


Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees) 


Number  of  Cycles 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ •  _ - 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface  _ 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected _ 


Inspection  Method  _ _ 


Inspection  Results 


INFORMATION 


Markland 


Todd  Crutchfield  -  859-567-7444 


Culvert  valve  lower  connecting  rod 


Tenmat 


Feroform  T814 


8.625'  diax  12.968"  L 


Data  Not  Available 


Data  Not  Available 


Shrink  fit  with  liquid  nitrogen 


Data  Not  Availably 
Data  Not  Available 


Yes,  Excel  spreadsheet  program 


Very  easy  _ 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Execellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Markland 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Culvert  valve  fulcrum 

Bearing  Manufacturer 

Tenmat 

Specific  Product  Installed 

Feroform  T814 

Size  of  Bearing  (length/diameter) 

9.125"  diax  12.344"  L 

Thickness 

0.8" 

Applied  Load  (if  known) 

3,500  psi 

Arc  of  Rotation  (degrees) 

45 

Number  of  Cycles  . 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Same 

_ 1 - 1 . . . . . . - . — - 

Date  Installed 

April  2000  and  April  2001 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes,  Excel  spreadsheet  program 
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Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected _ 


Inspection  Method  _ 


Inspection  Results 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a 
similar  application?  _ 


Additional  Comments 


Very  easy _ 


Data  Not  Available 
Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Not  enough  data 


Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 


***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  1 


ATTRIBUTE 


Project  Name/Location  _ _ 


Name/Title/Phone  Number  of  Contact 


Application  _ 


Bearing  Manufacturer _ 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) _ 

Thickness 


Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees)  _ _ 


Number  of  Cycles _ _ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


INFORMATION 


Markland 


Todd  Crutchfield  -  859-567-7444 


Culvert  valve  upper  strut  spindle 


Tenmat 


Feroform  T814 


9.125"  diax  11.219"  L 


Data  Not  Available 


Immersed,  silt 


Shrink  fit  with  liquid  nitrogen 
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ATTRIBUTE 

INFORMATION 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  from  Supplier 

Yes,  Excel  spreadsheet  program 

Ease  of  Installation 

Very  easy 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

inspection  Results 

Data  Not  Available 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


INFORMATION 


Smithland  _ 


Todd  Crutchfield -859-567-7444  ^ 


Culvert  valve  upper  strut  spindle _ 


Tenmat 


Feroform  T814  _____ 


9.125"  dia  x  11.219"  L 


ATTRIBUTE 


Project  Name/Location 


Name/Title/Phone  Number  of  Contact 


Application _ 


Bearing  Manufacturer _ _____ 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) 


Thickness 


Arc  of  Rotation  (degrees) 

45 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Immersed,  silt 
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ATTRIBUTE 

INFORMATION 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Same 

Date  Installed 

October  2000 

Length  of  Service  (years/months) _ 

How  Installed  Shrink  fit  with  liquid  nitrogen 


Mating  Surface _ Data  Not  Available 


Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes,  Excel  spreadsheet  program 

Ease  of  Installation 

Very  easy 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a  Yes 

similar  application? _ 

Additional  Comments  Very  happy  with  installation  and  performance  of  this  product  to  date. 

Installed  with  hard-chromed  stainless  steel  pins,  17-4.  Replaced 
failed  Thodon  TRAXL  bushings  with  Tenmat. 
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***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Markland 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Culvert  valve  lower  strut 

Bearing  Manufacturer 

Tenmat 

Specific  Product  Installed 

FeroformT814 

Size  of  Bearing  (length/diameter) 

9.125"  diax  13”  L 

Thickness 

0.8" 

Applied  Load  (if  known) 

3,500  psi 

Arc  of  Rotation  (degrees) 

45 

Number  of  Cycles 

River  Water  Conditions 

Immersed,  silt 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Standard  product 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Same 

■ 

Date  Installed 

March/April  2000  and  2001 _ _ _ 

Lenqth  of  Service  (years/months) 

How  Installed 

Shrink  fit  with  liquid  nitrogen 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Excellent 

Problems  During  Installation 

None 

Engineering  Support  From  Supplier 

Yes.  Excel  spreadsheet  program 

Ease  of  Installation 

Very  easy 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available  ’ 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Not  enough  data 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Excellent 

Would  you  recommend  this  product  for  a 
similar  application? 

Yes 

Additional  Comments 

Very  happy  with  installation  and  performance  of  this  product  to  date. 
Installed  with  hard-chromed  stainless  steel  pins,  17-4. 
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***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 

INFORMATION _ 

Smithland _ 

Todd  Crutchfield  -  859-567-7444 _ 

Culvert  valve  lower  strut _ 

Tenmat _ 

Feroform  T814 _ 

9.125"  dia  x  13"  L _ _ 

0.8" _ 

3500  psi _ 

45 _ 

Data  Not  Available _ _ 

Immersed,  silt _ 

Standard  product 

Same 

November  1997,  November  1998,  October  2000 _ 

Length  of  Service  (years/months) _ 

Shrink  fit  with  liquid  nitrogen 

Mating  Surface _  Data  Not  Available _ 

Data  Not  Available _ 

Excellent  _ 

None 

Yes,  Excel  spreadsheet  program _ 

Very  easy _ 

Data  Not  Available _ 

Data  Not  Available _ 

Last  Inspected  I  Data  Not  Available 


Bearing  Performance  Relative  to  Greased  Not  enough  data 

Bronze  (better,  same,  worse,  much  worse) _ 

Overall  Rating  (excellent,  very  good,  Excellent 

good,  poor,  unsatisfactory) _ 

Would  you  recommend  this  product  for  a  Yes 

similar  application? _ 


Surface  Finish _ 

Ease  of  Machining _ 

Problems  During  Installation 

Engineering  Support  From  Supplier 

Ease  of  Installation _ 

Wear  Resistance _ _ 

Debris  Imbedment  or  Contamination 


How  Installed 


ATTRIBUTE _ 

Project  Name/Location _ 

Name/Title/Phone  Number  of  Contact 

Application _ 

Bearing  Manufacturer _ 

Specific  Product  Installed _ 

Size  of  Bearing  (length/diameter) _ 

Thickness _ 

Applied  Load  (if  known) _ 

Arc  of  Rotation  (degrees) _ 

Number  of  Cycles _ 

River  Water  Conditions _ 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 

available) _ 

Installed  Cost  Relative  to  Bronze  Bushing 

(more,  less,  same) _ 

Date  Installed 
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***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Markland 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Rack  bar  rollers  vertical  (4  ea)  and  horizontal  (3  ea);  all  gates  on  both 
locks 

Bearing  Manufacturer 

Garlock 

Specific  Product  Installed 

Data  Not  Available 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

September  1992 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data^Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

Data  Not  Available 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Markland 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Crosshead  pin,  lower  connecting  rod  pin,  fulcrum  pin,  strut  spindle 
pin,  and  trunnion  pins 

Bearing  Manufacturer 

Thordon 

Specific  Product  Installed 

TRAXL 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

May  1998 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 
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Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

Data  Not  Available 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

McAlpine 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Crosshead  pin,  lower  connecting  rod  pin,  fulcrum  pin,  strut  spindle 

Din.  lower  strut  pin,  and  trunnion  pins 

Bearinq  Manufacturer 

Thordon 

Specific  Product  Installed 

TRAXL 

Size  of  Bearinq  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

June  1998  and  April  1999 
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Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  1 


ATTRIBUTE 


Project  Name/Location _ 


Name/Title/Phone  Number  of  Contact 


Application  _ 


Bearing  Manufacturer _ _ 


Specific  Product  Installed _ 


Size  of  Bearing  (length/diameter) 


Thickness 


Applied  Load  (if  known) _ 


INFORMATION _ 


Cannelton 


Todd  Crutchfield  -  859-567-7444 


Gates  -  pintle,  gudgeon  pin,  strut  pin  at  gate 


Thordon  _ 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

June  1994 

Lenqth  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 

Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 
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ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Cannelton 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Crosshead  pin,  lower  connecting  rod  pin,  fulcrum  pin,  strut  spindle 
pin,  lower  strut  pin,  trunnion  pins,  and  hydraulic  cylinder  trunnion 

Bearing  Manufacturer 

Thordon 

Specific  Product  Installed 

TRAXL 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees) 


Number  of  Cycles 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 

available) _ _ 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed 


Length  of  Service  (years/months) _ 


How  Installed 


Mating  Surface 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Data  Not  Available 
Data  Not  Available 
Data  Not  Available 


Data  Not  Available 
Data  Not  Available 


Data  Not  Available 


1992  or  1993 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method 


Inspection  Results 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 
Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased  Data  Not  Available 
Bronze  (better,  same,  worse,  much  worse) 


Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) _ 


Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 

***  Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Cannelton 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

Crosshead  pin  and  hydraulic  cylinder  trunnion 

Bearing  Manufacturer 

Kamatics 

Specific  Product  Installed 

Data  Not  Available 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

1992  or  1993 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 

Ease  of  Installation 

Data  Not  Available 

Wear  Resistance 

Data  Not  Available 

Debris  Imbedment  or  Contamination 

Data  Not  Available 

Last  Inspected 

Data  Not  Available 

Inspection  Method 

Data  Not  Available 

Inspection  Results 

Data  Not  Available 
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ATTRIBUTE 

INFORMATION 

Problems  Encountered  In  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 

Please  submit  a  separate  Questionnaire  for  each  application  at  each  installation  *** 


ATTRIBUTE 

INFORMATION 

Project  Name/Location 

Newburgh 

Name/Title/Phone  Number  of  Contact 

Todd  Crutchfield  -  859-567-7444 

Application 

strut  spindle  pin  and  lower  strut  pin 

Bearing  Manufacturer 

Thordon 

Specific  Product  Installed 

TRAXL 

Size  of  Bearing  (length/diameter) 

Data  Not  Available 

Thickness 

Data  Not  Available 

Applied  Load  (if  known) 

Data  Not  Available 

Arc  of  Rotation  (degrees) 

Data  Not  Available 

Number  of  Cycles 

Data  Not  Available 

River  Water  Conditions 

Data  Not  Available 

Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available) 

Data  Not  Available 

Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) 

Data  Not  Available 

Date  Installed 

July  1991 

Length  of  Service  (years/months) 

Data  Not  Available 

How  Installed 

Data  Not  Available 

Mating  Surface 

Data  Not  Available 

Surface  Finish 

Data  Not  Available 

Ease  of  Machining 

Data  Not  Available 

Problems  During  Installation 

Data  Not  Available 

Engineering  Support  From  Supplier 

Data  Not  Available 
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ATTRIBUTE 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected _ 


Inspection  Method _ 


Inspection  Results 


INFORMATION 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Problems  Encountered  in  Service 


Bearing  Performance  Relative  to  Greased  Data  Not  Available 
Bronze  (better,  same,  worse,  much  worse) _ 


Overall  Rating  (excellent,  very  good,  Data  Not  Available 

good,  poor,  unsatisfactory) _ 


Would  you  recommend  this  product  for  a  Data  Not  Available 

similar  application? _ 

Additional  Comments  None 


_ ***  Please  submit  a  separate 

ATTRIBUTE 


Project  Name/Location _ _ 


Nameffitle/Phone  Number  of  Contact 


Application _ _ 


Bearing  Manufacturer _ 


Specific  Product  Installed _ _ 


Size  of  Bearing  (length/diameter) _ 


Thickness 


Applied  Load  (if  known) _ 


Arc  of  Rotation  (degrees) 


Number  of  Cycles _ 


River  Water  Conditions 


Commercial  Availability  (standard  manu¬ 
facturer  product,  custom  item,  no  longer 
available)  _ 


Installed  Cost  Relative  to  Bronze  Bushing 
(more,  less,  same) _ 


Date  Installed  _ 


Length  of  Service  (years/months) 


Questionnaire  for  each  application  at  each  installation 

INFORMATION _ _ 


Smithland  _ 


Todd  Crutchfield  -  859-567-7444 


strut  spindle  pin,  lower  strut  pin,  and  thrust  washer 


Thordon  _ 


TRAXL  _ 


Data  Not  Available  _ 


Data  Not  Available  _____ 


Data  Not  Available  _ 


Data  Not  Available 


Data  Not  Available  _ 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


July  1992  and  November  1998 


Data  Not  Available 
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How  Installed 


Mating  Surface 


Surface  Finish 


Ease  of  Machining 


Problems  During  Installation 


Engineering  Support  From  Supplier 


Ease  of  Installation 


Wear  Resistance 


Debris  Imbedment  or  Contamination 


Last  Inspected 


Inspection  Method 


Inspection  Results 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Data  Not  Available 


Problems  Encountered  in  Service 

Data  Not  Available 

Bearing  Performance  Relative  to  Greased 
Bronze  (better,  same,  worse,  much  worse) 

Data  Not  Available 

Overall  Rating  (excellent,  very  good, 
good,  poor,  unsatisfactory) 

Data  Not  Available 

Would  you  recommend  this  product  for  a 
similar  application? 

Data  Not  Available 

Additional  Comments 

None 
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Appendix  B:  Manufacturers’  Literature 

1.  OrkotTXM  Marine . . . 77 

2.  Lubrite  Technologies  G10  and  G12 . 82 

3.  Garlock  DU . 88 

4.  Tenmat  Feroform  T814 . 90 

5.  Thordon  SXL  and  HPSXL . 93 


6.  Kamatics  KAron  V 
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Orkot  Composites 


Orkot®  TXM  Marine 

Orkot€'  TXM  Marine  is  manufactured  from  medium  weave  fabrics  with  excellent  mechanical  strength.  Additionally  it  has 
a  unique  low  friction  bearing  surface  incorporating  molybdenum  disulphide  and  PTFE.  Orkot®  TXM  Marine  rs 
recommended  for  all  bearings  where  s  combination  of  strength  and  very  tow  friction  is  required*  Due  to  these  properties 
TXM  Marine  can  eliminate  stick-slip  in  many  applications. 


Mechanical  Properties 


TENSILE  STRENGTH 


TENSILE  MODULUS 

COMPRESSIVE  STRENGTH  "  ■■  •  '  '  .  ~ 

Normal  to  Laminate  ~~  '  >40700  lbf/in2  ~~  >280  N/rnr? 

^"  parallel  to  Laminate  ”  ""  >13000  lbf/in2  ~~  ~~  >90  N/mm2 

FLEXURAL  STRENGTH  ;  "  >9400  lbf/in2  ‘  >$5  N/mm2 

FLEXURAL  MODULUS  27.6  x1(f  lbf/in2  “  0 ~19  x  104  N/mn? 

SHEAR  STRENGTH  “  “  11600  tbf/ln2  80  Nfmm2 

HARDNESS  ROCKWELL  M  "  ICnT  ~~  ~~  r  ^I’oO . . 

IMPACT  STRENGTH  ’  _  _  I  ~  T  '  >  120kJfmz 

DENSITY  ~  “  ‘  "  ‘  “  0.047  lbf/in3  1.3g/cm* 

SWELL  IN  WATER  ~  ’  ’  ‘  ‘  <  0.1%  “““  <0.1% 

STATIC  COEFFICIENT  OF  FRICTION  DRY  AT  15  N/mm2  :  0.05-0.10 


IMPERIAL  METRIC 

"">8500  lbf/in^  """  >55  N/m irf  ~ 

46.5  x  10*  lbf/in4  0.32  x10lV  N/mm^ 


Thermal  Properties _ _ _ _  ; 

LINEAR  EXPANSION  COEFFICIENTS  86-212‘F  (per'F  x  10’5)  20-100'C  (pei"C  x  tO'6) 

Norma!  to  Laminate  5.0  -  5,5  9-10 

7 Parallel  to  Laminate  "  "  '  2.7  -  3.3  ■  —  - ~ -■  :  ““ 


THE  ABOVE  VALUES  ARE  TYPICAL 

For  further  information  visit ;  www.orkot  us 


North  &  South  America 

Oikot  Composites 

2535  Prairie  Road 

Eugene 

Oregon.  97402 

TeJ:  +1  (541)  6885529 

rax:  +1  (541)  6032079 

Email:  Dnqi^ies.amencss@orkot.com 


Europe,  Africa,  Asia 
Orkot  Composes 
Bradmarsh  Business  Park 
Rotherham 
S6016X 

Tel:  +44  (0)1709769800 
Fax:  *44  (0)1709  374819 
Email :  enqulriesigprk3t.com 


The  intorrr-a&jo  irsSsa  ctecomcr {l  is  framed  cn  many  years  ai  expcrarjCtf  in  tha  iranu&dkri:  and  xx&czton  #  OK«X  a*  Ho***?,  enfcnawy  jjftfgm&m  **S  cairns  may  tcSfcfef 

goner#  *ta)era®nJs  .  t!  is  ***3  tvet  cxss&xiws  **t Ssiy  thon’©**.***  Si  &  five  syi  l8b*%  frtfXgH  s**ji>3?c  lesfci^.  Fo?  iris  reason  sk»3  (be-  to  Vic  who  o! 

«£fpix»'»os  c#  clt  prodjrls.  Strsrths  <3rs«p  jsk  ard  Orfcct  OsrrosS'ftts  tan  actcjS  rws-  fab'fcty  as  to  sL'iSatiity  or  ccrrcctrxrss  of  oer  s«rwra>‘  -•^'xrrtwnS^lkjrvs  in  ram  FOf 

gporatog  co«St>cf£  5*35sa  carauft  yctw  Grkaf  CrjKpvaxs.  tatfsrvsal  Ox-sr  *  a  Logined  i?3da  of  Pt^ymer  ttesSfi®  3altf>(WfS 


#  PoSymer  Sealing  Solutions  2002 


78 


ERDC/CERL  SR-04-8 


Orkot  Materials 


Orkot  manufacture  a  range  of  thermoset  composite  bearing  materials 
incorporating  advanced  polymer  technologies.  These  are  made  from  technical 
fabrics  impregnated  with  thermosetting  resins,  evenly  dispersed  solid  lubricants 
and  further  additives  to  ensure  the  optimum  solution  is  reached  to  satisfy  many 
engineering  applications, 

Orkot  materials  have  many  advantages  over  more  traditional  metallic  bearing 
materials  and  other  polymeric  bearings  including; 

•  Low  coefficient  of  friction 

•  High  load  capacity 

•  Good  chemical  resistance 

•  Operates  in  fresh  or  salt  water  without  lubrication 

•  Damping  of  vibration 

•  Accommodation  of  shaft  misalignment 

•  Ease  of  machining 

•  Fitting  by  pressing,  freezing,  adhesives  and  mechanical  methods 

•  Dimensionaf  stability 

•  Reduced  thermal  softening  and  minima!  creep 

•  Does  not  encourage  galvanic  corrosion 

•  Orkot  contains  no  asbestos  or  environmentally  hazardous/toxic  substances 

Many  successful  applications  for  Orkot  involve  highly  loaded  bearings  or  pads 
operating  with  intermittent  or  oscillating  movements.  * 

Manufacturing  composite  bearings  since  1954,  Orkot  have  supplied  components 
to  thousands  of  satisfied  customers  world-wide  in  a  diverse  range  of  markets, 
under  both  the  Orkot  and  Luytex  brand  names  as  part  of  a  long  standing 
relationship  with  the  B*-$  Group,  including: 

•  Railways 

•  Off-road  vehicles 

•  Process  equipment 

•  Injection  moulding  machines 

•  Pumps  and  Valves 

•  Lifting  and  handling  equipment 

•  Hydropower 

•  Formula  one  racing  cars 

•  Roll  coverings 

•  Marine  (specialised  marine  applications  covered  by  other  publications) 
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Orkot;  Composites 

Properties  /  Specification 


Note,  all  data  based  on  tests  to  BS  EN  150604:1997,  BS  EN  ISO  178:1997, 
BS  2782:1993  and  Orkot  standard  methods. 


Mechanical 

Under  compressive  load,  standard  Orkot  grades  behave  in  an  elastic  manner  up 
to  a  yield  point.  Beyond  this,  permanent  deformation  may  occur. 

For  most  static  applications,  a  maximum  design  load  of  QOHfmm7  should  be  used, 
with  4QN/mm7  maximum  for  dynamic  applications.  However,  dynamic  application 
is  also  dependant  on  the  PV  (pressure  x  velocity)  value  (see  page  12). 

These  values  are  with  fully  supported  bearing  surfaces  and  forces  perpendicular 
to  the  laminations.  For  forces  applied  parallel  to  the  laminations,  such  as  on  the 
end  face  of  a  flanged  bush,  only  light  loads  should  be  used,  typically  to  a 
maximum  of  40N/mm?  for  static  loading  and  20N/mm2  for  dynamic.  Higher 
loads  may  require  the  use  of,  for  example,  separate  thrust  washers  made  from 
a  flat  laminate  sheet. 

Higher  load  values  than  those  indicated  above  have  been  used  for  specific 
applications.  Please  contact  Orkot  Product  Management  for  assistance  if  your 
application  exceeds  these  values. 
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Orkot;  Composites 

Typical  deflection  under  load  for  a  cylindrical  bearing 


As  with  all  composite  bearings,  the  effective  Young’s  Modulus  in  application  for 
Orkot  materials  is  very  dependent  upon  the  shape  of  the  component  and  the 
support  provided  for  it.  Modulus  values  for  Orkot  standard  grades  range  from 
800  to  3000N/mnf.  Thus,  calculating  the  deformation  of  a  pad  or  the  degree  by 
which  a  shaft  moves  off  the  centre  line  when  under  load  i$  complex  and 
depends  on  the  wall  thickness,  any  shaft  misalignment  and  the  bearing 
clearance.  Please  contact  Orkot  Product  Management  for  assistance  if  bearing 
deflection  is  important  in  your  application. 


Thermal 

Orkot  materials  have  low  thermal  conductivity  and  operate  as  thermal 
insulators.  As  with  all  polymer  bearing  materials,  the  thermal  expansion  of 
Orkot  must  be  taken  into  consideration  during  the  design  process,  particularly 
when  operating  at  higher  temperatures  or  with  components  having  thick 
sections.  As  a  laminate  material,  the  coefficient  of  thermal  expansion  is 
different  perpendicular  or  parallel  to  the  layers. 

The  wall  thickness  of  a  bush  should  be  kept  to  a  minimum  to  limit  the  effect  of 
thermal  expansion  and  to  better  control  clearance  levels. 
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Swell 

Orkot  endeavour  to  minimise  the  swell  of  their  material  in  water,  a  common 
issue  effecting  polymers.  The  swell  of  Orkot  standard  grades  is  very  low 
compared  with  many  other  materials  at  <  0.1%  of  wall  thickness  whilst  C324 
and  C338  grades  have  a  swell  of  <1%. 


Food  and  potable  water  contact 

Orkot  produces  a  range  of  materials  which  are  safe  for  contact  with  food,  with 
all  constituents  listed  by  the  Food  and  Drug  Administration  (FDA).  The 
materials  available  include  compounds  which,  by  use  of  special  resin  systems, 
offer  improved  temperature  and  cleaning  chemical  resistance  compared  with 
many  traditional  plastic  materials.  The  dispersed  PTFE  lubricant  used  by  Orkot  is 
also  FDA  listed. 

C322  (TLM)  has  been  approved  for  cold  water  applications  following  extensive 
testing  to  BS6920  (2000)  in  accordance  with  the  Water  Regulations  Advisory 
Scheme  (WRAS). 

Further  information  on  these  approvals  is  available  on  request. 


PV  and  Coefficient  of  friction 

A  major  advantage  of  Orkot  materials  is  their  ability  to  withstand  high  loads 
with  intermittent/oscillating  movement.  However,  as  with  many  polymer 
bearing  materials,  consideration  must  be  given  to  the  sliding  faces  causing 
frictional  heat  if  moving  for  long  periods. 

Additives  included  in  Orkot  materials  reduce  the  coefficient  of  friction  and  thus 
the  heat  generation.  This  can  be  further  improved  by  use  of  external  lubricants 
in  the  form  of  oil,  grease,  water  or  other  process  chemicals. 

Many  factors  effect  the  coefficient  of  friction  for  a  bearing,  particularly  the 
counter  face  surface  finish,  bearing  pressure  and  contamination.  Please  contact 
Orkot  Product  Management  for  assistance  if  the  coefficient  of  friction is  critical 
to  an  application. 

For  information,  the  following  table  Indicates  some  typical  values  found  in 
oscillating  motion  with  bearing  pressures  between  10  and  80N/mm?: 
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Standard  &  Specification 

No  9103740 

Rev.:  A 

|  Title:  Hydroelectric  Bearings  with  Type  G10  Lubricant  f 

Prep.  By:  Manganiello  E&v'V 

Date:  5/12/00 

>Sheet:  of 

SPECIFICATION  FOR  LUBRITE®  TYPE  GIO  LUBRICANT 


FOR  HYDROELECTRIC  SERVICE 


A.  Bearings  shall  be  Lubrite  Self-lubricating  Bearings  designed  and  manufactured  by  Lubrite 
Technologies,  18649  Brake  Shoe  Road,  Meadville,  PA  16335  or  Engineer  approved  equal.  They 
shall  be  suitable  for  exposure  to  their  applicable  environment  The  bearings  shall  be  a  standard 
product  of  an  established  bearing  manufacturer  with  a  successful  performance  record  of  ten  (10) 
years  in  similar  applications. 

B.  The  bronze  alloy  employed  in  the  manufacture  of  the  bushings  shall  be  High  Strength  Manganese 
Bronze  ccntrifugally  cast  to  the  requirements  of  ASTM  B271-C86300. 

C  The  lubricant  shall  consist  of  a  combination  of  solids  having  non-deteriorating  characteristics  as  well 
as  inherent  lubricating  qualities.  The  lubricant  shall  be  capable  of  withstanding  the  effects  of  long¬ 
term  atmospheric  exposure  and  submersion  in  seawater,  fresh  water,  and  most  solvents.  Graphite, 
molybdenum  disulfide  or  other  ingredients  that  tend  to  promote  electrolytic  or  chemical  action  are 
prohibited.  The  use  shellac,  tars,  solvents  or  other  non-lubricating  binder  materials  will  not  be 
acceptable.  The  Type  G10  lubricant  shall  have  a  Duromeier  hardness  of  90  on  the  Shore  ‘ A'  Scale 
when  tested  in  accordance  with  ASTM  D2240. 

D.  The  lubricant  shall  be  integrally  molded  and  compressed  into  recesses  provided  for  containment  of 
the  lubricant,  the  recesses  shall  be  of  sufficient  depth  to  properly  contain  the  lubricant  and  shall 
comprise  not  less  than  30  percent  of  the  total  bearing  area.  The  recesses  shall  be  arranged  in  an 
overlapping  geometric  pattern  with  successive  rows  overlapping  in  the  direction  of  motion.  Trepan 
recesses,  not  drilled  holes,  shall  be  used  for  diameters  10  inches  and  larger. 

E.  The  lubricant  shall  cover  100  percent  of  the  bearing  area  and  be  dense  and  lubricative.  The  lubricant 
shall  not  be  scraped  or  machined  in  any  way  after  manufacture.  The  surface  roughness  of  the 
lubricated  surface  shall  not  exceed  125  micro-inches. 

F.  The  bushings  shall  have  a  general  design  capacity  of  not  more  than  8,000  psi  at  10  surface  feet  per 
minute.  The  static  coefficient  of  friction  between  the  bushing  and  the  journal  shall  not  exceed  0.07 
when  subjected  to  a  design  unit  loading  of  2.0  KSi  or  greater. 

G.  The  bushing  wall  thickness,  fits,  and  tolerances  shall  be  as  recommended  by  the  manufacturer. 

II.  Certificate  of  Compliance  and  Certified  Mill  Test  Reports  shall  be  furnished 

I,  When  required  by  the  Engineer,  the  manufacturer  shall  furnish  facilities  for  testing  and  inspection  of 
the  completed  bearings  or  representative  samples.  If  the  manufacturer's  facility  does  not  permit 
testing,  an  approved  independent  testing  laboratory  may  be  used. 
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1 . _ _ _ _ 

"  Standard  &  Specification 

No  9103403  Rev,:  £ 

Title:  Lubrite^  Bearings  with  Type  G12  Lubricant 

Trcp.By:  Manganiello  Date:  8/24/00  Appr.  By.s  Sheet:  of 

Page !  of  2 

SPECIFICATION  FOR  LUBRIT#  BEARINGS  USING 
TYPE  G12  LUBRICANT 


1,0  PURPOSE: 

This  specification  is  intended  to  provide  genera!  requirements  and  information  for  use  in  the  design  of 
Lubrite  Bearings  utilizing  the  Type  G12  Lubrication  System. 

2.0  SCOPE: 

This  specification  applies  to  all  types  of  Lubrite  Bearings  that  may  be  in  a  Bushing,  Flat*  Radial  or 
Spherical  configuration.  Information  contained  in  this  specification  should  be  used  only  as  a  guide. 
Design  specific  requirements  and  operating  parameters  should  be  forwarded  to  Lubrite1  s  Design 
Engineering  Group  for  review  and  recommendations. 

3,0  DESCRIFHON: 

Type  GT  2  Lubricant  is  a  self  lubricating,  reinforced  polymeric  composite  system  that  is  highly  wear 
resistant  and  capable  of  excellent  performance  under  extreme  operating  conditions.  The  lubricant  may 
be  re-machined  or  left  as  applied  dependent  upon  design  and/or  operational  requirements.  This  material 
contains  no  metallic  or  other  components  that  may  cause  electrolytic  or  other  chemical  action.  Due  to 
its  polymeric  nature  the  lubricant  is  unaffected  by  many  solvents  and  petroleum  based  compounds 
including  most  gfcases  and  oils  commonly  encountered  in  structural  or  machine  environments.  Lubrite 
should  approve  arfy  specific  materials  that  may  come  in  contact  with  the  lubricated  surface. 

4.0  SPECIFICATIONS: 

4.1  Design  Bearing  Pressures:  Up  to  40,000  psi 

4.2  Coefficient  of  Friction  Range:  0,03 -0.10 

4.3  Operating  Temperature  Range:  -40°F  {-40°C)  to  500°F  {260°€) 

4.4  Intermittent  Temperature:  Up  to  690*F  (3 15°C) 

4.5  Volume  Resistivity:  1  x  10™  ohm-cm  (@  27°C) 

4.6  Thermal  Conductivity:  8.2  x  10  ^  Ca!  -  cm/sec  ~  cm2  -  °C 

4.7  Hairiness:  ASTM  D224Q,  “D”:  70-90  A  B 

4.8  Density:  0.043  Lbs./In3 

5.0  APPLICATIONS: 


5.1  Bushings  (Radial  and  Spherical): 

5.1  A  Unless  otherwise  specified  the  lubricant  shall  be  applied  to  the  substrate  and  re-machined 
to  obtain  a  minimum  clearance  between  mating  surface  and  lubricant  of  .004  inch 
(.  10mm).  The  minimum  lubricant  filth  thickness  shall  be  .009  inch  (.23mm)  after  final 
machining. 
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5.  L2  Clearances  and  lubricant  thickness  may  vary  dependent  upon  bearing  size,  configuration 
and  operating  conditions, 

5.1.3  The  substrate  material  shall  conform  to  alloys  UNS  C95500  or  UNS  €95800  Nickel 
Aluminum  Bronze.  For  Hydroelectric  applications  use  Alloy  UNS  C8630O  High  Strength 
Manganese  Bronze. 

5.1.4  The  bearing  substrate  surface  shall  contain  retention  cavities  comprising  not  less  than  25% 
nor  more  than  35%  open  area.  Unless  otherwise  specified,  the  lubricant  shall  cover  100% 
of  the  lubricated  surface  and  shall  completely  fill  and  cover  all  cavities  to  the  specified 
minimum  film  thickness. 

5. 1 .5  The  mating  surface  of  the  bearing  should  be  a  corrosion  resistant  materia!  such  as  Type 
304/316  stainless  steel  or  Inconel  625,  For  optimum  lubricant  performance  the  surface 
should  be  finished  to  a  roughness  no  greater  than  63  micro-inch  RMS  (1 .6  micro-meter).  A 
ground  or  polished  surface  is  preferable  to  a  finish  that  has  been  achieved  through  a  single 
point  tool  operation. 

5.2  Fiat  or  Spherical  Plates;  AH  the  preceding  specifications  shall  apply  except  that  lubricant  film 
thickness  shall  be  maintained  to  0.010  inch  (0.254mm)  minimum  and  for  certain  applications  may 
not  necessitate  rc-machining. 

6.0  Installation:  \ 

During  installation  of  Lubrite  Bearings,  the  following  recommendations  should  be  followed  to  avoid 
possible  damage  to  the  lubricant  or  substrate  material. 

L  For  bushing  applications  designed  with  a  press  fit  should  be  inserted  into  the  housing  bore 
using  smooth  even  pressure.  Do  not  impact  in  any  way.  Do  not  shrink  fit  the  bushing  by 
means  of  dry  ice  or  other  cooling  methods.  When  handling  the  bushing  care  should  be 
exercised  to  avoid  contact  with  the  lubricated  surface.  Do  not  use  metallic  cable  slings  or 
clamps,  if  possible.  If  required,  lifting  eyes  may  be  incorporated  into  the  bearing. 

Bushings  are  shipped  complete  and  ready  for  installation  when  received  and  therefore  no 
further  machining  or  alterations  should  be  done  prior  to  or  after  installation.  The  bushing 
should  be  clean  and  free  of  dirt,  dust  or  other  foreign  material  prior  to  installation  -  a  clean 
damp  cloth  should  be  used.  Do  not  use  solvents  of  any  kind. 

2.  For  other  bearing  configurations  the  above  requirements  shall  also  apply.  In  addition,  if  any 
welding  is  to  be  performed  in  the  vicinity  of  the  bearing,  care  must  be  taken  to  avoid 
temperatures  above  350°F  (176°C).  Temperature  1  ndicating  pencils  or  other  suitable  means 
should  be  used. 
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SPECIFICATION  FOR  LUBRTTE®  TYPE  Gj  2  LUBRICANT 
FDR  HYDROELECTRIC  SERVICE 


A*  Bearings  shall  be  Luhrite  Self-lubricating  Bearings  designed  and  manufactured  by  Lubrite 
Technologies,  1 8649  Brake  Shoe  Road,  Meadvffle,  PA  16335  or  Engineer  approved  equal.  They 
shall  be  suitable  for  exposure  to  their  applicable  environment.  The  beatings  shall  be  a  standard 
product  of  an  established  bearing  manufacturer  with  a  successful  performance  record  of  ten  (10) 
years  in  similar  applications. 

B.  The  bronze  alloy  employed  in  the  manufacture  of  the  bushings  shall  be  High  Strength  Manganese 
Bronze  ccntrifugally  cast  to  the  requirements  of  ASTM  B271-C86300. 

C.  The  lubricant  shall  consist  of  a  combination  of  solids  having  non-deteriorating  characteristics  as  well 
as  inherent  lubricating  qualities.  The  lubricant  shall  be  capable  of  withstanding  the  effects  of  long¬ 
term  atmospheric  exposure  and  submersion  in  seawater,  fresh  water,  and  most  solvents.  Graphite* 
molybdenum  disulfi  de  or  other  ingredients  that  tend  to  promote  electrolytic  or  chemical  action  are 
prohibited.  The  use  shellac,  tars,  solvents  or  other  non-lubricating  binder  materials  will  not  he 
acceptable.  The  Type  G1 2  lubricant  shall  have  a  Durometer  hardness  of  between  70  ~  90  on  the 
Shore  TP  Scale  when  tested  in  accordance  with  ASTM  D2240. 

D.  The  lubricant  shall  be  integrally  molded  and  compressed  into  recesses  provided  for  containment  of 
the  lubricant.  The  recesses  shall  be  of  sufficient  depth  to  properly  contain  the  lubricant  and  shall 
comprise  not  less  than  30  percent  of  the  total  bearing  area.  The  recesses  shall  be  arranged  in  an 
overlapping  geometric  pattern  with  success!  ve  rows  overlapping  in  the  direction  of  motion.  Trepan 
recesses,  not  drilled  holes,  shall  be  used  for  diameters  10  inches  and  larger 

E.  The  lubricant  shall  cover  100  percent  of  the  bearing  area  and  be  dense  and  lubricative.  The  lubricant 
shall  not  be  scraped  or  machined  in  any  way  after  manufacture.  The  surface  roughness  of  the 
lubricated  surface  shall  not  exceed  125  micro-inches. 

F.  The  bushings  shall  have  a  general  design  capacity  of  not  more  than  8,000  psi  at  10  surface  feet  per 
minute.  The  static  coefficient  of  friction  between  the  bushing  and  the  journal  shall  not  exceed  0.07 
when  subjected  to  a  design  unit  loading  of  2,0  KSI  or  greater. 

G.  The  bushing  wall  thickness,  fits,  and  tolerances  shall  be  as  recommended  by  the  manufacturer. 

H.  Certificate  of  Compliance  and  Certified  Mill  Test  Reports  shall  be  furnished. 

L  When  required  by  the  Engineer,  the  manufacturer  shall  furnish  facilities  for  testing  and  inspection  of 
the  completed  bearings  or  representative  samples.  If  the  manufacturers  facility  does  not  permit 
testing,  an  approved  independent  testing  laboratory  may  be  used. 
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SPECIFICATION  FOR  LUBRITlf  TYPE  G1 2  LUBRICANT 
FOR  HYDROELECTRIC  SERVICE 

A.  Bearings  shall  be  Luhrite  Self-lubricating  Bearings  designed  and  manufactured  by  Lubrite 
Technologies,  18649  Brake  Shoe  Road,  Meadville,  PA  1 6335  or  Engineer  approved  equal  They 
shall  be  suitable  for  exposure  to  their  applicable  environment.  The  bearings  shall  be  a  standard 
product  of  ah  established  bearing  manufacturer  with  a  successful  performance  record  of  ten  (10) 
years  in  similar  applications, 

B.  The  bronze  alloy  employed  in  the  manufacture  of  the  bushings  shall  be  Nickel  Aluminum  Bronze 
ccnlrifugaliy  cast  to  the  requirements  of  A$TM  B271-C95500  or  C95800, 

C.  The  lubricant  shall  consist  of  a  combination  of  solids  having  non-deteriorating  characteristics  as  well 
as  inherent  lubricating  qualities.  The  lubricant  shall  he  capable  of  withstanding  the  effects  of  long¬ 
term  atmospheric  exposure  and  submersion  in  seawater,  fresh  water,  and  most  solvents.  Graphite, 
molybdenum  disulfide  or  other  ingredients  that  tend  to  promote  electrolytic  or  chemical  action  arc 
prohibited.  The  use  shellac,  tars;  solvents  or  other  non -lubricating  binder  materials  will  not  be 
acceptable.  The  Type  G12  lubricant  shall  have  a  Durometer  hardness  of  between  70  -  90  on  the 
Shore  Tf  Scale  when  tested  in  accordance  with  ASTM  D2240. 

D.  The  lubricant  shall  be  integrally  molded  and  compressed  into  recesses  provided  for  containment  of 
the  lubricant.  TJie  recesses  shall  be  of  sufficient  depth  to  properly  contain  the  lubricant  and  shall 
comprise  not  less  than  30  percent  of  the  total  bearing  area.  The  recesses  shall  be  arranged  in  an 
overlapping  geometric  pattern  with  successive  rows  overlapping  in  the  direction  of  motion.  Trepan 
recesses,  not  drilled  holes,  shall  be  used  for  diameters  10  inches  and  larger. 

E.  The  lubricant  shall  cover  100  percent  of  the  bearing  area  and  be  dense  and  lubricative.  The  lubricant 
shall  not  be  scraped  or  machined  in  any  way  after  manufacture.  The  surface  roughness  of  the 
lubricated  surface  shall  not  exceed  125  micro-inches. 

F.  The  bushings  shall  have  a  general  design  capacity  of  not  more  than  5,000  psi  at  10  surface  feet  per 
minute.  The  static  coefficient  of  friction  between  the  bushing  and  the  journal  shall  not  exceed  0.07 
when  subjected  to  a  design  unit  loading  of  2.0  KSI  or  greater. 

G.  The  bushing  wall  thickness,  fits,  and  tolerances  shall  be  as  recommended  by  the  manufacturer. 

H.  Certificate  of  Compliance  and  Certified  Mill  Test  Reports  shall  be  furnished. 

I.  When  required  by  the  Engineer,  the  manufacturer  shall  furnish  facilities  for  testing  and  inspection  of 
the  completed  bearings  or  representative  samples.  If  the  manufacturer's  facility  does  not  permit 
testing,  an  approved  independent  testing  laboratory  may  be  used. 
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SPECIFICATION  FOR  LUBRITE*  TYPE  GIO  LUBRICANT 
FOR  HYDROELECTRIC  SERVICE 


A.  Bearings  shall  be  Lubrite  Self-lubricating  Bearings  designed  and  manufactured  by  Lubrite 
Technologies,  18649  Brake  Shoe  Road,  Meadville,  PA  16335  or  Engineer  approved  equal  They 
shall  be  suitable  for  exposure  to  their  applicable  environment.  The  bearings  shall  be  a  standard 
product  of  an  established  bearing  manufacturer  with  a  successful  performance  record  of  ten  (10) 
years  in  similar  applications. 

B.  The  bronze  alloy  employed  in  the  manufacture  of  the  bushings  shall  be  Nickel  Aluminum  Bronze 
centrifugally  cast  to  the  requirements  of  ASTM  B27 1-C9550O  or  C95800. 

C.  The  lubricant  shall  consist  of  a  combination  of  solids  having  non-deteriorating  characteristics  as  well 
as  inherent  lubricating  qualities.  The  lubricant  shall  be  capable  of  withstanding  the  effects  of  long¬ 
term  atmospheric  exposure  and  submersion  in  seawater,  fresh  water,  and  most  solvents.  Graphite, 
molybdenum  disulfide  or  other  ingredients  that  tend  to  promote  electrolytic  or  chemical  action  are 
prohibited.  The  use  of  shellac,  tars,  solvents  or  other  non-lubricating  binder  materials  will  not  be 
acceptable.  The  Type  GI0  lubricant  shall  have  a  Durometer  hardness  of  90  on  the  Shore ‘A*  Scale 
when  tested  in  accordance  with  ASTM  D2240. 

D.  The  lubricant  phal!  be  integrally  molded  and  compressed  into  recesses  provided  for  containment  of 
the  lubricant  the  recesses  shall  be  of  sufficient  depth  to  properly  contain  the  lubricant  and  shall 
comprise  not  less  than  30  percent  of  the  total  bearing  area.  Hie  recesses  shall  be  arranged  in  an 
overlapping  geometric  pattern  with  successive  rows  overlapping  in  the  direction  of  motion.  Trepan 
recesses,  not  drilled  holes,  shall  be  used  for  diameters  10  inches  and  larger. 

E.  The  lubricant  shall  cover  100  percent  of  the  bearing  area  and  be  dense  and  lubricative.  The  lubricant 
shall  not  be  scraped  or  machined  in  any  way  after  manufacture.  Hie  surface  roughness  of  the 
lubricated  surface  shall  not  exceed  125  micro-inches. 

F.  The  bushings  shall  have  a  general  design  capacity  of  not  more  than  5,000  psi  at  10  surface  feet  per 
minute.  The  static  coefficient  of  friction  between  the  bushing  and  the  journal  shall  not  exceed  0.07 

when  subjected  to  a  design  unit  loading  of  2.0  KSI  or  grater. 

G.  The  bushing  wall  thickness,  fits,  and  tolerances  shall  be  as  recommended  by  the  manufacturer. 

H.  Certificate  of  Compliance  and  Certified  Mill  Test  Reports  shall  be  furnished. 

I.  When  required  by  the  Engineer,  the  manufacturer  shall  furnish  facilities  for  testing  and  inspection  of 
the  completed  bearings  or  representative  samples.  If  the  manufacturer’s  facility  does  not  permit 
testing,  an  approved  independent  testing  laboratory  may  be  used. 
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Glacier  Garlock  Bearings 

Self-lubricating  and 
Prelubricated  Bearings 

Glacier  Garlock  Bearings  is  proud  to  be  the  world's 
largest  manufacturer  of  metal-polymer  plain  bearings; 

More  than  60,000  customers  worldwide  use  products 
from  our  full  line  of  sett-lubricated,  marginally 
lubricated  and  fully  lubricated  plain  bearings.  Our 
products  are  available  in  a  variety  of  forms  such  as 
cylindrical  wrapped  bushes,  flanged  bushes,  thrust 
washers,  or  as  special  parts  manufactured  to 
customer  requirements.  Whatever  your  project 
requires,  our  ex perts  will  work  with  you  to  find  the 
perfect  bearings  solution. 

To  meet  yourbearings  needs,  we  offer: 

*  an  extensive  product  range  including  lead-free,  self- 
lubricated  bearings  compliant  with  EtV  legislation 

•  sophisticated  R&D  facilities  and  test  centers 

♦  superior  Application  Engineering  support 

♦  flexible  manufacturing  for  diverse  applications 
«  20  locations  In  IT  countries 

•  a  comprehensive  network  of  distributors 


News 

S/29/2003 


brochure  for  US, 

mmtm 

AUMA  names  Glacier  Garlock 


mwmz 

Fischer  named  president  of 


Eri&ta 

industries 


Glacier  Garlock  Bearings  l$  an  operation  of 

mmmMmJ&L  (nyse;  hpqi  a 

leader  in  sealing  products,  metal  polymer 
bearings,  compressor  systems  and  oilier 
engineered  products  for  use  In  critic# 
epptications  by  industries  worldwide. 
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Metal-Polymer  Materials 

Solid  Polymer 

Fibre-Reinforced  Plastic 
Composite  Materials 

Monometallic  Materials 


Other  Products 
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Products 


Bearing  materials  for  non-lubricated  applications  (DU®,  DU™-B  DP4™  DP20™ 
DM^),  marginally  lubricated  (DX®,  DS~  HXW)  and  lubricated  applications 
(DP41wiDP30™TDP31m)< 

mtemyrnst 

Compound  materials  processed  using  injection-moulding  techniques.  These 
engineering  polymers  include  PBT  (Polyester)  based  {IWF™41,  MF™31, 
MFW38),  POM  (Acetal)  based  (Glacetal  KA*\  MF™52),  PA  (Nylon)  based 
(EPW),  PPS- based  (MFTW62)  and  high  temperature  based  materials  (Torlon®, 
MF™15  and  EPtM72).  These  materials  are  available  as  special  parts  and 
geometries  including  coinjected  forms  (HP). 

Hbrs^Reinfo^  Materials 

Various  fibre-reinforced  thermosetting  plastic  bearings,  including  high- 
performance,  filament-wound  products  such  as  GAR-FiL™,  GAR-MAX€>,  High 
Strength  GAR-MAX®,  deva.tex®. 


Monometallic  Materials  •• 

A  range  of  oil-impregnated  sintered  bronze  bearings,  solid  bronze  bushes. 
Products  include  sintered  bronze  (DIN  1850)  and  solid  bronze  (LBO-Machined 
Bronze,  MBZ-BQ9™,  LD™,  LDD™). 


QtlmLEroidttc.ts 

Additional  product  families  to  complement  the  above  GGB  product  portfolio,  eg. 
specialized  housings  and  assemblies,  bi-metallic  bearings. 


KA™,  MULTI-FIL™  DO®.  DU™-8,  DP4™,  DP20™,  DP30™,  DP31 ™,  DM**  DX®,  DS™,  and  HXW  arc 
trademarks  of  Glacier  Gsricck  Bearings. 

MF™  end  HP™  are  trademarks  of  L+S  Kunststofftechnalogie  GmbH,  Germany. 

Torton®  is  a  registered  trademark  of  Solvsy  Advanced  Polymers,  LLC. 

MBZ-B09™,  ID™,  LCD™  are  trademarks  of  Wieiand  Werke  Grr&H,  Germany. 

DEVA™.  deva.bm®,  devs. metal®,  ctevs  glide®  end  devs.tex©  are  trademarks  of  Federal  Mogul  Devs  GmbH,  Germany. 
Exal&n™  &  *  product  of  Cryptic  A/vis  Ltd,  England. 

Mini™  and  UN!™  are  trademarks  of  EnPro  Industries  Inc.,  USA. 


©2003  Glacier  Garfodk  Bearings.  A8  rights  reserved, 
tMU^i%c!.aime£  \  Environmental  Management  Policy  Statement 
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FEROFORM 

The  FEROFORM  range  of  materials 
has  been  developed  by  TENMAT  to 
offer  the  design  engineer  the  chance 
Vrf  replacing  metallic,  rubber  and 
Asbestos  based  materials  with 
unique,  non-asbestos,  wearing  and 
bearing  composites  capable  of 
duplicating,  and  in  some  cases 
exceeding,  the  performance  of 
asbestos  composites. 

FEROFORM  materials  possess 
strength,  durability,  dimensional 
stability  and  excellent  wear 
characteristics  besides  exhibiting 
good  resistance  to  attack  by  many 
chemicals. 

The  resins  used  have  been  selected 
for  their  good  mechanical  properties 
and  high  thermal  and  dimensional 
stability.  Both  organic  and  synthetic 
fibres  employed  for  reinforcement  of 
the  resins  have  been  selected  from 
the  many  types  available  for  their 
high  modulus  and  stability  in  water 
and  various  chemicals. 

The  addition  of  selected  friction 
modifiers  such  asPTFE  (T814)  or  oil, 
graphite  and  molybdenum  disulphide 
nhances  the  wear  properties  and  life 
f  the  materials,  enabling  them  to  be 
operated  at  higher  speeds  and  loads. 


The  U.S.  Army  Corps  of  Engineers 
identified  a  need  for  a  self  lubricating 
bearing  material  to  replace  its 
existing  grease  lubricating  bronze 
bearings  in  some  300  large  hydro¬ 
turbines  in  the  USA  when  they  come 
up  for  rehabilitation.  However,  there 
was  a  lack  of  any  detaifed  historical 
data  regarding  performance  and  life 
span,  so  art  extensive  laboratory  test 
program  was  set  up  which  simulated 
worst  case  conditions,  carried  out  at 
Powertech  tabs  in  Vancouver,  a 
subsidiary  of  BO  Hydro.  TENMAT 
FEROFORM  T814  proved  itself 
capable  of  operaring  in  both  dry  and 
wet  conditions  of  shaft  mis-alignment 


or  deflection  underload.  Extremely 
low  wear  rates  Indicating  long  life 
projection  were  recorded  and  the 
journal  showed  no  sign  of  wear 
throughout  the  test 


Sluice  Gate 
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benefits 


ADVANTAGES 

FEROFORM  composites  are  extremely 
versatile  materials  which  have:  the 
following  advantages  over  conventional 
materials  in  wearing  and  bearinq 
applications. 

Excellent  resistance  to  wear  - 

FEROFORM  materials  show  consistently 
low  wear  rates  in  all  application  areas. 

Excellent  abrasion  resistance  - 
FEROFORM  materials  can  be  used  in 
environments  where  abrasive  particles 
are  present 

tow  coefficient  of  friction  -  enabling 
higher  speeds  to  be  used  and  heavier 
payloads  to  be  carried.  This  minimises 
inertial  problems  (stick  slip)  and  affords 
lower  power  requirements.  FEROFORM 
shows  consistently  lower  Motion  rates 
than  all  other  competitive  materials. 

A  degree  of  elasticity  -  enabling 
misalignment  to  be  taken  up  without 
damage  or  fracturing. 

User  friendly  -  the  lubricant  is  evenly 
dispersed  throughout  the  matrix. 
Bearings  can  be  machined  in  situ  or 
modified  on  site  without  loss  of 
lubrfcationa!  properties. 

Excellent  resilience  -  FEROFORM  has 
the  ability  to  absorb  high  shock  loading 
and  impact  which  would  extrude  other 
materials. 

Lightweight  -  approximately  1/5  to  1/8 
the  weight  of  phosphor  bronze  making 
refurbishment  work  easier. 

Good  chemical  resistance  ■-  all 
FEROFORM  grades  perform  satisfactorily 
in  the  presence  of  most  mineral  and 
organic  acids,  solvents,  organic  bases 
and  non-caustic  alkali. 

Easy  Installation  -  Can  be  installed  by 
press,  draw  bar  or  freeze  (dry  ice  or  liquid 
nitrogen)  fitting. 


PERFORMANCE 


FEROFORM  T814  PERFORMANCE-STATIC 


FRICTION 


COEFFICIENT  OF  FRICTION 
0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

0 


FEROFORM  T814  PERFORMANCE-WEAR 


WEAR  RATS  [m3s'100T£5T  hrs.) 

2.5  - - — - - - 


FEROFORM  T814  PERFORMANCE-DYNAMIC  FRICTION 

COEFFICIENT  OF  FRICTION 


Test  results  taken  from  Powsrtech  Labs  INC.  A  subsidiary  of  B  C,  Hydro,  Canada 
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TECHNICAL  DATA 


Properties 

Units  j  T814  j  Til 

T12 

T14 

Ultimate  Compressive  Strength 

T  MPa  (psi)  ^:(363§- ,  280  (40.600) 

260  (40,600) 

Normal  Maximum  Working  Pressure 

MPa  (psi)  s'M(Sm  1  62ffl.990) 

62(8,990) 

•!.  65(9(428) 

Compressive  Yield  68.9  MPa  {©1 0,000psi) 

% 

fell'Jfv  j  2 

'  2  ■  r 

py-Yc 

Flexural  Strength  ,v:.  •• 

MPa  (psi)  : 

Impact  Strength  (Notched  Charpy) 

KJ/m*  --i 

HSto  ~ 

fl  45 

'  ■:  50  ! '  VA 

Shear  Strength 

•  MPa  (psi) 

70(10.150) 

.  70  (10,150)  • 

80  (11  500) 

!  Inter  Laminae  Bond  Strength 

.  kN 

2.5  (560) 

|  3  (672) 

.  :  Density  y.  .. 

Brinelf  Hardness 

,.9/cm9  . 

iJtSTr 

1.32; 

135  ;  a 

96  Swell  in  Water  formal  tp  Laminae)  . 

IJ^ssyT)  0.35 

tek;J  '  * 

25 

•  ■  oaaf.  ■  ■: 

25  . 

0.35 

.Coefficient  of  Friction  •  •  •  '  "  . 

Dry  r  pip-dSf  0.09-6.1 2 

■  ’':A  ■ 

0,08-0.16 

6.13-0.18 

Wet  l%0&-.p;p9  j  0,11-0.15 

0.11-0.18 

0.16-0.22 

Coefficient  of  Linear  Expansion  (Normal  to  Laminae)  x10  « 

per°C  (pertF)  50  (28)  |  50(28} 

50(28}  | 

50(28) 

{Parallel  to  Laminae)  x10* 

per°C  (perT)  45  (25}  j  45(25) 

45  (25)  ) 

46  (25) 

Maximum  Working  Temperate 

cCfF)  100  (212)  100(212) 

100(212} 

100  (212) 

Intermittent  Temperature  Capability 

^Cff)  120(250)  !  120(250) 

120(250) 

120  (250) 

Due  to  the  flexibility  of  T  grades  fl  is  not  possible  to  measure  flexural  strength  but  no  fracturing  occurred. 


Ultimate  Compressive  strengths  of  tube  wrapped  materials  are  typically  > 

T814  $20  MPa,  Til  240  MPa,  T12  240  MPa,  T14  250  MPa  f 

Friction  levels  in  hydrodynamic  conditions  have  been  recorded  at  0.01  with  water  and  0  0t6  with  oil  V 

Fen!ra!!y  “oco5tan»  with  BB27Q?  *nd  ASTM  test  methods.  The  values  above  are  typical  test 
H6C\m?ter  a  ari?  ®h?u  d  not  bo  iakm  as  guaranteed,  for  specifications  or  primary  selection  of  materials.  The 
Information  herein  is  presented  In  good  faith  but  TENMAT  does  not  warrant  the  conformity  of  its  materials  to  the  listed 
properties  or  the  suitability  of  its  materials  for  any  particular  purpose,  in  the  event  of  any  uncertainty  reqarding  suitability  for 
any  application  please  contact  our  technical  staff  on  Tel:  +44  (0)  161  872  2181  Fax:  +44  (0)  161  872  75S6  * 


AVAILABILITY 

FEROFORM  can  be  supplied  in  tube,  sheet  or  rod  form  and  as 
fully  machined  components, 

Tube 

20- 200mm  (T-  75T)  ID  &  30*25Dmm  (134  - 101 OD 
Minimum  Wall  Thickness  5mm  (Kb")  Tolerance  +0Mmm 
(+0/-0.04")  ID 

200-600 mm  (8*  -  23%")  ID  &  260-700mm  (10*’  -  27%")  OD  ' 
Minimum  Wall  Thickness  10mm  (K"}  up  to  400mm 
(16  Y")  OD  and  20mm  (^thereafter.  Tolerance  +0/-2mm 
(+OA0.081  ID 

All  OD  is  sanded  to  +/-1  %  of  nominal  OD 

Rod 

19  - 1 1 1mm  (T-  4%v)  OD  x  1220mm  (481  tong 
Tolerance  +0/-1mm 

1 17  - 1 5$nim  6}T)O0  x  305mm  (121  long 

Tolerance +0/-1  mm 
Sheet 

1 .6  -  100mm  (hr-  41  thickness  1220  x  1220mm  (48"x481 
Tolerance  thickness  1.25  -  10mm  (G.05”-  %")  unsanded, 
+/-0.tmm  (+/-0.00-11  sanded;  -0/+3mm  (-0/+JT)  length 
&  width 

Larger  sizes  and  special  mouldings  available  on  request 


TREATMENTS 

For  applications  above  70CC  (1 6CPF)  we 
recommend  that  FEROFORM  is  heat 
stabilised  prior  to  machining  tb  maintain  their 
required  dimensions.  Heat  treatment  is 
denoted  by  suffix  7  e.g.  T127. 

Oil  impregnation  (suffix  1)  can  reduce  running 
friction  and  aid  bedding  In. 

MoS?  (suffix  8)  treatment  can  be  used  instead 
of  oil  for  dusty  environments. 

Special  TENMAT  bedding  In  paste  is 
recommended  forT814  to  reduce  friction  and 
minimise  wear, 
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Thordon  Bearings  Applications 


CoppedgeMarine  Inc.  Business  Partners 

Thordon 

Industrial  Bearing  Grades  and  Related  Products 


Thordon  Bearings  offer  many  proven  user  benefits: 

•  Easily  Machined  and 
Installed 

•  Corrosion  Resistance 

•  Accommodates  Edge  Loading 

•  Pollution-Free 

•  Noise  Reduction 


Industrial  Bearing  Grades  and  Associated  Products 


Tlie  XL  Grade  is  the  standard 
grade  for  pump  bearing 
applications.  These  bearings  are 
available  in  a  wide  range  of  sized 
in  both  grooved  and  un-grooved 
configurations. 


The  SXL  Grade  is  the  preferred 
choice  for  dry  startup  operation, 
the  SXL  offers  a  lower  dry 
coefficient  of  friction  and  similar 
wear  life  and  abrasive  resistance 
when  compared  to  the  XL  graded 


http:7Anvwxoppcdgemarine.com/tbH.hhn  12/4/2003 


*  Sclf-lubricatfng 

♦  Long  Life 

•  High  Resilience/Impact  Resistance 

*  Low  Operating  Friction 

•  High  Abrasion  Resistance 
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Thordon  Bearings  Applications 


Thordon  Composite  Bearings  are 
specifically  formulated  to  provide 
outstanding  wear  life  in  abrasive 
operating  conditions.  These 
bearings  out  lasts  other  bearings 
by  a  factor  of  several  times  and  are 
available  in  a  wide  range  of  sizes 
in  a  grooved  configuration  only. 


Thordon  Metal  Backed  Bearings 
are  produced  by  polymerizing  any 
of  the  three  Thordon  Grades  into  a 
metallic  housing.  Orginially 
de  veloped  to  meet  the  needs  of  the 
nuclear  power  industry,  this  design 
is  now  specified  in  many  other 
applications. 


Thordon  HPSXL  is  a  harder, 
stifTer  polymer  compared  to  SXL, 
can  be  specified  to  higher  design 
pressures  and  has  a  lower  dry 
coefficient  of  friction  than  SXL. 


Thordon  TRAXL  refers  to  a 
special  bearing  configuration 
developed  for  high  pressure 
applications  with  slow  speed 
oscillating  or  full  rotation  motion 
where  frictional  heat  generation  is 
minimal. 


Thordon  Wear  Strips:  The  SXL  or 
HPSXL  can  be  supplied'  in  strip  or 
sheet  form,  or  molded  to  the  exact 
requirements  of  the  application. 


Thor-tape:  "Thordon  SXL  is  also 
available  as  Thor-tape,  a  product 
supplied  in  a  range  of  thicknesses 
up  to  0.125”  (3,2mm)  and  widths 
up  to  12”  (300mm).  Ask  us  about 
other  applications  of  this  product. 


http://www.coppedgemarine.com/tbi4.htm 


12/4/2003 
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The  Recognized  Choice 
Tor  Long  Life,  Low  Friction 
Bearing  Systems 

Reliability,  long  fife  and  superior  customer  service 
have  made  Thordon  Bearings  Inc. The  standard  with 
hydro-electric  power  producers  for  pollution  free,  low 
friction  bearing  systems.  When  specifying  operating 
mechanism  bearings,  water-lubricated  turbine  main 
shaft  guide  bearings  and  pump  bearings;  Thordon  is  the 
proven  choice  for  value  and  performance  for  both 
rehabilitation  and  new  turbine  projects. 

Thordon  Bearings*  design  engineers  provide 
customers  with  bearing  system  designs  that  meet 
or  exceed  their  specifications.  Depending  on  the 
application,  the  optimum  bearing  can  be  selected 
from  several  Thordon  grades  and  configurations 

Recently,  concern  over  down-stream  pollution 
caused  by  grease  and  oil  lubricated  bearings  has  placed 
increased  emphasis  on  non-polluting  bearing  systems, 
Thordon  Bearings,  a  pioneer  in  the  development  of 
grease-free  bearing  designs,  supplied  bearings  in  1 974 
for  installation  at  Ontario  Hydro's  Niagara  Fall's  station. 
Today,  these  bearings  continue  to  perform  well. 

Originally  developed  over  25  years  ago  as  a  high 
performance  pump  bearing,  Thordon  is  an  elastomeric 
polymer  alloy  that  provides  exceptional  wear  life, 
Thordon  SXL,  with  rts  inherent  low  coefficient  of  friction 
and  grease-free  operation,  is  particularly  well  suited  for 

high  pressure  hydro-turbine  applications.  Thordon's 


proven  performance  in  vertical  pumps  led  tolls  use  in 
water-lubricated  turbine  main  shaft  guide  bearings,  with 
shaft  diameters  ranging  from  mini-turbines  to  the 
largest  units  in  service. 

Today,  with  trouble  free  installations  around  the 
world,  Thordon  Bearings  Inc.  is  a  recognized  leader  in 
the  design,  manufacture  and  supply  of  hydro-turbine 
bearing  systems.  All  Thordon  bearings  are  manufactured 
to  ISO  9002  Quality  System  requirements  ensuring 
high  qualify  and  consistency. 

For  power  utilities  and  turbine  manufacturers  who 
demand  the  best  in  value,  performance  and  service; 
Thordon  hydro-electric  turbine  bearing  systems  are  the 
proven,  reliable  solution. 

Thordou  Features  Offer 
Proven  User  Benefits 

Thordon  Bearings'  field  proven  hydro-turbine  > 
bearing  systems  offer  significant  technical  and 
customer  benefits: 

•tow  Friction 

•  Long  life 

•  Pollution  Free 

•  Sizing  Flexibility  -  Easily  Machined 

•  High  Abrasion  Resistance 

•  High  Resilience/impact  Resistance 

•  No  Need  for  Hardened,  Ground  Journals 

•  High  Pressure  Capacity 

•  Accommodate  Edge  Loading 

•  Wet  Or  Dry  Operation 

•  Up  Seal  Ava liability 

•  Extensive  Application  References 

■  V:';r  .  :  •••• 
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Low  Friction:  Thordon  SXL  bearings  exhibit  a  very 
fow  coefficient  of  friction,  This  is  true  whether  the 
bearing  is  operating  dry  or  submerged  in  water.  A  low 
bearing  coefficient  of  friction  is  essential  in  the  smooth 
and  reliable  functioning  of  hydro-turbine  operation 
mechanisms. 

Tests  conducted  by  an  independent  hydro- turbine 
laboratory  determined  that  the  dry  coefficient  of  friction 
Of  Thordon  SXL  TRAXt  bearings  falls  in  a  range  from 
0,09  to  0.05  tested  at  pressures  ranging  from  18  to 
70  MPa  (2,600  to  10,000  p$i).  Thorton's  coefficient  of 
friction  decreases  as  bearing  operating  pressures 
increase,  whereas  metallic  bearings  experience  dramatic 
increases  m  the  coefficient  of  friction  and  tend  to  gall 
as  operating  pressures  rise.  This  characteristic  makes 
Thordon  an  ideal  choice  for  high  head  installations 
where  pressures  are  high  and  smooth  precise  operation 
of  the  gates  is  vital.  Thordon  performs  well  as  an 
unsealed  wicket  gate  bearing  because  the  coefficient 
of  friction  of  Thordon  wet  is  lower  than  dry. 

Wet  or  dry;  low  or  high  pressure;  static  or  dynamic; 
Thordon  SXL  TRAXL  bearings  operate  smoothly  and 
without  stick-slip  in  hydro-turbine  operating 
mechanisms. 

Long  Life;  Since  1974,  Thordon  bearings  have  been 
fitted  to  hydro-turbine  operating  mechanisms.  The 
bearings  of  the  first  installation  remain  in  operation 
today  as  a  testament  to  Thordon's  exceptional  wear  life. 
Thordon  continues  to  provide  outstanding  life  in  a  large 
and  growing  number  of  installations  since  that  time. 

Only  0.1 3  mm  (0.005")  wear  on  an  88.9  mm 
(3.500’’)  I.D.  Thordon  5X1  TRAXL  bearing  was  predicted 
In  25  years  of  simulated  operation  in  a  pump-turbine 
wicket  gate  application  when  tested  by  an  independent 
hydro-turbine  laboratory.  Test  pressures  were  20.7  MPa 
(3000  psi)  with  operational  parameters  appropriate  for  a 
highly  utilized  pump  storage  turbine.  Self-lubricated 
^metallic  bearings  in  the  same  test  were  predicted  to 
show  the  same  wear  after  less  than  nine  years.  Bearing 
journal  wear  was  also  examined  and  there  was  no 
significant  wear  of  the  shaft  running  against  Thordon 
whereas  the  metallic  bearings  tested  wore  the  journal 
proportionally  to  their  own  wear  rate. 

In  the  field,  Thordon  bearings  have  earned  a 
reputation  for  performing  particularly  well  in  abrasive 
environments  and  in  the  extreme  duty  cycles  of  pump 
turbine  applications.  Thordon  SXL  TRAXL  bearings  were 
chosen  over  competitive  metallic  bearings  in  a  recent 
test  in  a  pump  storage  turbine  experiencing  accelerated 
bearing  wear.  Thordon  was  selected  after  less  than  one 
year's  operation  showed  negligible  wear  compared  to 
significant  wear  on  the  metallic  bearings. 


Evaluation  of 

Bearing  friction  and  "Stick  Slip" 

.  Be^nt  teas  m  the  Thonfors  ftearfogs  Test  facility  evad'd  the  frtetitwk 

^n9*  to  BordonVThe  tesH 

^  3r,ducFd  stafeAp  vibration.  101  mm  (4,0*)  diameter  badness 
were  loaded  to  a  constant  pressure  of  24.0  MPa  (3500  psiiand  cycled  thJLah ; 
an  fifdfaoon  of  *35*  at  a  velocity  of  0.003  «Vsec,  (0.62  ft/mtn), Vests  were  5 
*!T  coefficient  of  frcch'dn,  temperature  and  pressure  readings 

Oiken  20  times  per  second  for  a  60  second  period  at  the  start  at  0.5  hours  and 
pf  ' Temperature  values  were 

THORDON  SXl  TRAXL  BEARthlC 


\  Av§  friflion: 
6.077 

:  temp  VC). 
25.9 


Avg.  fViilion: 
O.OS5 


I  Avg.  lirkttow'; 
0,053 


Avg.  triettow } 
f  CMJ5I 


,  Tpt  Ihordon  SXL  TRAXL  bearing  had  mitf-at  dynamic  friction  of  0,077  but 
q^ck.y  bedded  la  decreased  to  0.0SS  after  30  minutes  and  to  0.051  by  &<* 
end  of  the  test,  The  temperature  rose  from  2S.TC  to  4G.3*C,  rising  only  1  IX 
durmg  the  last  4  hours.  Mo  evidence  of  JUctatip  was  observed. 


urs.  mo  evidence  o?  siiqMLp  was  observed. 

NON-METALLIC  BEARING 


\  ■  •  v.'’  j 

■  •••'..  f  :*/• 

;  'V 

Avg,  frfctlon: 

Avg.  friction 

Avg.  friction: 

Q.Q7J 

0  061 

QMS 

Temp  TO: 

Temp  CQ: 

Temp  (*0: 

Z76 

M.7 

5  Avg.tefellon:  Avg.  Mctlam  •  Avg.  fcfcilsw 

3  S  .«»  **'  «8SV* 

Ci"'.  T«mpfO:  Temp  CQ:  T«mit(‘C):  to  exowive 

27^  3fi.7  ■  ■  vibf*do?vof 

■BOO-* . . . .  ■  . . . ' .  tSfi  mKhilML 

0  hours  0.5  hours  3  hours 

Time  :  .  .*■  ^ 

A  non*m«a8ic  bearing  tested  Had  initial  dynamic  friction  Of  ag?3  And 
temperature  of  27.6‘C  Over  a  3  hour  period  the  coefficient  of  friction 
increased  to  G.G95  and  the  temperature  rose  to  49.rc.  By  the  end  of  the  fiat 
half  hour  rapid  fluctuations  in  friction  were  occurring:  (stick-dip).  The 
magnitude  of  these  fluctuations  Increased  until  the  test  was  Hatted  after  3  bows 
6m  to  e*c«Vwe  vfbratson  of  the  test  machine. ; 

METALLIC  BEARING 


Av»,  friction: 

o.<m 

T*mp  {‘Cy 


0  Hours  0-5  hours  4  hours  „  8  hours 

Time 

A  metaifo  bearing  tested  bad  initial  dynamic  friction  of  G.Q78 ;  Over  the 
course  of  the  test  the  coefficient  of  friction  roseto  0.1 06  and  the  temperature 
rose  to  42..5T.  No  evidence  of  stick-slip  was  observed. 

The  Thordon  SXL  TRAXL  bearing  operated  with  the  iowert 
coefficient  of  friction  of  the  group  and  was  the  only  bearing  to 
exhibit  a  decrease  in  friction  as  the  test  progressed.  Operation  was 
smooth  and  quiet,  collaborating  the  performance  history  of 
Thordon  bearings  in  the  Held. 
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.  Low  Motion:  Thordon  SXL  bearings  exhibit  a  very 

low  coefficient  of  friction.  This  is  true  whether  the  ' 

bearing  is  operating  dry  or  submerged  in  water.  A  low 
bearing  coefficient  of  friction  is  essential  in  the  smooth 
and  reliable  functioning  of  hydro-turbine  operation 
mechanisms.  . 

Tests  conducted  by  an  independent  hydro-turbine 
laboratory  determined  that  the  dry  coefficient  of  friction 

0  (m°rn°n<SXL  T^AXI  bearings  fa,ls  in  8  from 
wm?  at  pr®sures  ranging  from  1 8  to 

70  MPa  {2,600  to  10,000  psi).  Thordon's  coefficient  of 

friction  decreases  as  bearing  operating  pressures 

increase,  whereas  metallic  bearings  experience  dramatic 
increases  in  the  coefficient  of  friction  and  tend  to  qall 
as  operating  pressures  rise.  This  characteristic  makes 
Thordon  an  ideal  choice  for  high  head  installations 
where  pressures  are  high  and  smooth  precise  operation 
of  the  gates  is  vital.  Thordon  performs  well  as  an 
un-sealed  wicket  gate  bearing  because  the  coefficient 
Oi  friction  of  Thordon  wet  is  lower  than  dry. 

_  Wet  or  dry;  low  or  high  pressure;  static  or  dynamic; 

Thordon  SXL  TRAXL  bearings  operate  smoothly  and 
without  stick-slip  in  hydro-turbine  operating 
mechanisms. 

Lon9  Since  1974,  Thordon  bearings  have  been 
fitted  to  hydro-turbine  operating  mechanisms.  The 
bearings  of  the  first  installation  remain  in  operation 
today  as  a  testament  to  Thordon's  exceptional  wear  life 
Thordon  continues  to  provide  outstanding  life  in  a  large 
and  growing  number  of  installations  since  that  time. 

Only  0.1 3  mm  (0.005 e)  wear  on  an  88.9  mm 
p.SOCT)  LD.  Thordon  SXL  TRAXL  bearing  was  predicted 
in  25  years  of  simulated  operation  in  a  pump-turbine 
wicket  gate  application  when  tested  by  an  independent 

hydro-turbine  laboratory.  Test  pressures  were  20.7  MPa 

(3000  psi)  with  operational  parameters  appropriate  for  a 
highly  utilized  pump  storage  turbine.  Self-lubricated 
metallic  bearings  fnihe  same  test  were  predicted  to 
show  the  same  wear  after  less  than  nine  years.  Bearing 

journal  wear  was  also  examined  and  there  was  no 

significant  wear  of  the  shaft  running  against  Thordon 
whereas  the  metallic  bearings  tested  wore  the  journal 
proportionally  to  their  own  wear  rate. 

In  the  field,  Thordon  bearings  have  earned  a 
reputation  for  performing  particularly  well  in  abrasive 
environments  and  in  the  extreme  duty  cycles  of  pump 
turbine  applications.  Thordon  SXL  TRAXL  bearings  were 
chosen  over  competitive  metallic  bearings  in  a  recent 
test  in  a  pump  storage  turbine  experiencing  accelerated 
bearing  wear:  Thordon  was  selected  after  less  than  one 
yea  f  s  operation  showed  negligible  wea r  compared  to 
significant  wear  on  the  metallic  bearings. 


Evaluation  of 

Bearing  Friction  and  "Stick  Slip" 

run  lof  8  tours  °'62  ft^>-  ** 

««  how  I5d 

, _ THORDON  5X1  TRAXL  BEARING. 


Avg.  fiction: 

n-m 

2S.9 


Avg.  IHction: 

O0SS 
Temp  («<}• 


!  Avg.  frisilotf: 
*053 
Temp  {*C>; 
18v 


Frictifm? 

<M»51 


_ _ NONMETALLIC  BEARING 


Avg.  Ffktfon: 
0.071 


Avgt.  TrtctSoru 
0.081 

Twnp  fCY 
18.7 


Avg.  Frf<tk>r*f 
0  095 
T<m«p  (‘C): 
49.Z 


stepped  k 

SJ&bom&je 
to  ex 
vrfcmiofi 
srusfcihe. 


0  tours  €.5  hours  3  hours 

time 

A  non<metaj&  bearing  tested  had  hm  dynamic  friction  of  0,073  and 
S  2Ver  a  3  hotjr  perio<^ lht  vxttotnt  of  fiction 

P&S*1*  to  4?*C  By  the  end  of  the  Urn 
ha!?  hour  rapid  fluctuations  m  fnehen  were  occurring  (s&tafipy  The 

hows 

METALLIC  BEARING 


)  Avg,  Friction: 
0.078 


IAvg.  Friction; 
0.079 


Avg.  friction: 
0.083 
Tempft): 
$7S 


I  Avg 

I  ,  0,106 

Temp  CQ; 
42.5 


A  bearing  tested  had  initial  dynamic  friction  of  O.D78,  Over  the 
course  of  the  test  the  coefficient  of  Inchon  rose  to  0.106  and  the  temperate 
rose  to  42-5*C  No  evidence  of  stkk-sllp  was  observed. 

The  Thordon  SXL  TRAXL  bearing  operated  with  the  lowest 
coefficient  of  friction  of  the  group  and  was  the  only  bearing  to 
exhibit  a  decrease  In  friction  as  the  test  progressed.  Operation  was 
smooth  and  quiet  collaborating  the  performance  history  of 
Thordon  bearings  in  the  field. 
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Pollution  Free:  Thordon  SXL  is  a  homogenous  low 
friction  polymer  alloy.  Crease  or  other  lubrication 
techniques  are  not  required  to  lower  the  coefficient  of 
friction  or  reduce  the  wear  of  a  thordon  SXL 
bearing.  Thordon  eliminates  both  the 
pollution  concerns  associated  with 
grease  lubrication  and  the  lubricant 
dispersion  problems  of  other  "seif- 
lubricating"  bearings.  Bearings 
equipped  with  lubrication  plugs 
require  significant  rotation  of  the 
shaft  to  spread  the  lubricant  over  the 
bearing  surface,  in  actual  operation 
many  of  the  shaft  movements  are  very 
minor  *  only  a  few  degrees  either  way. 

Other  "seif-lubricating"  bearings  require  wear  to 
occur  before  internal  lubricants  are  accessed.  Special 
coatings  to  lower  friction  and  minimize  wear  are  often 
specified,  but  these  can  disappear  over  time  resulting  in 
dramatically  increased  friction  and  wear. 

Thordon  SXL's  inherent  low  coefficient  of  friction 
does  not  change.  It  remains  unchanged  over  many 
years  of  operation. 

Sizing  Flexibility  -  Easily  Machined:  Thordon 
bearings  are  typically  supplied  finish  machined  to 


factory,  or  in  the  field,  to  meet  the  dimensional 
requirements  of  the  project. 

Quick  turnaround  can  be  achieved  by  pre- 
manufacturing  bearings  to  a  semi-finished  state 
and  then  finish  machining  them  during  the 
outage  after  exact  size  requirements  are 
known.  A  free  machining  elastomer, 
Thordon  contains  no  asbestos  or  other 
hazardous  materials,  machines  cleanly 
and  quickly  and  is  free  of  nuisance  dust. 
An  instructional  video  providing 
information  on  quick  accurate  machining 
of  Thordon  is  available. 

High  Abrasion  Resistance:  Thordon's 
superior  wear  fife  when  operating  in  abrasives  is  a 
direct  result  of  its  elastomeric  nature.  An  elastomer, 
Thordon  tends  to  deflect  and  then  reject  abrasive 
particles.  This  is  not  the  case  with  other  non-metaiiic  or 
metallic  bearing  surfaces.  Non-metallics  that  are  not 
elastomers  tend  to  deform  plastically,  allowing  abrasives 
to  bed  into  the  bearing  acting  as  a  permanent  abrasive 
on  the  shaft  Metallic  bearings  experience  accelerated 
wear  on  both  the  bearing  and  the  mating  shaft  surface* 
Grooves  to  allow  abrasive  particles  and  wear  debris  to 
clear  the  bearing  are  not  required  with  Thordon. 


specifications  engineered 
for  the  rehabilitation 
project;  but  are  often  also 
supplied  with  overbuild  on 
the  inside  and  outside 
dimensions  to  facilitate 
finish  machining  on  site. 
Sizing  problems  resulting 
from  misalignment  and 
dimensional  inconsistencies 
that  are  often  encountered 
with  "standard"  sized 
bearings  during  turbine 
rehabilitation  are  not  a 
problem  for  Thordon. 
Optimum  alignment  and 
custom  sizing  of  the 
bearings  Is  possible  with 
Thordon.  Bearings  that  are 
only  supplied  in  standard 
sizes  and  a  re  difficult:  to 
machine  to  dose  tolerances 
make  custom  sizing 
impossible  or  extremely 
expensive.  Thordon 
bearings,  while  available  in 
Special  toots  are  not  required  to  a  range  of  standa  rd  sizes, 
install  sxl  traxl  bearings,  can  be  easily  sized  at  the 


High  ResiMence/Impact  Resistance;  In  high  head 
hydro-electric  and  pump  turbine  installations  shorter 
operating  mechanism  bearing  life  Is  often  expected. 
Higher  wear  rates  and  occasional  bearing  failures  are 
often  a  result  of  the  Impact  loading  and  high  frequency 
low  amplitude  oscillations  encountered.  "Pounding  out" 
can  occur  even  though  the  loads  and  pressures  are 
below  the  theoretical  yield  point  of  the  material 

When  a  bad  is  applied  to  a  bearing  relatively 
smoothly,  the  bearing  deflects  a  given  amount  for  each 
unit  of  load.  As  long  as  the  loading  does  not  exceed  the 
yield  point  of  the  bearing  it  will  elastically  return  tofts 
original  position  when  the  bad  Is  removed.  If,  however, 
the  load  is  applied  rapidly  the  bearing  may  lack  the 
resilience  to  absorb  the  energy  and  completely  release  it 
before  the  next  loading  cycle.  Permanent  deformation 
can  occur,  even  though  the  theoretical  yield  point  does 
not  appear  to  have  been  exceeded.  The  higher  the 
Modulus  of  Resilience  of  a  bearing,  the  greater  the 
bearing's  ability  to  absorb  impact  and  high  frequency 
oscillatory  loading  without  permanent  deformation, 

Although  the  yield  point  of  bronze  is  almost  6  times 
that  of  $XL  as  shown  in  Table  1 ,  the  Modulus  of 
Resilience  of  bronze  is  only  5%  that  of  SXL.  Metallic 
bearings,  as  a  result,  can  tend  to  "pound  out"  and 
transmit  impact  loading  into  the  operating  system 
whereas  Thordon  tends  to  absorb  impact  loads  and 
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Higher  tensile  strength 


lower  tensile  strength 


Strain 

Hgurc  h  impact  Instance  Comparison 


of  of »  mistrial  is  teamed  by 

tafcuSatsng  the  are?  unde?  the  elastic  portion  of  the  stress  'strain 
cur/e  up  to  the  yield  pint.  The  otampfe  in  Figure  T  Oiustraseshow 
a  high  tensile  strength  matetfa!  has  a  much  lower  reScT 

nS1nt  V  **  ?*  Sh3^d  3rea  m)' th3r  2  bw5r  «**»*  itangfh 
ntatena?  witrt  whence  {represented  by  the  shaded  area  &2).  9 


Table  1 

Resilience  Comparison 

MaW*>  Tjfild  Modulus  of  Modulus  of 

Material  Stress  Elasticity  Resilience 

—  **r  Mp*  P*i  MPa  psf  MPa 

TfrorcbnSXl  .3,500  24.7  20,000  13$  30$.Q  2.17 

Bronze  C932QQ  20,000  138.  Q  14.5x10*  10Dxl0J  13.8  0,70 

Leaded  Bronze  7,500  51.7  7.3  xW  SOxICP  3.9  003 

with  graphite 


Note:  Yield  stress  for  the  graphite  tilled  bronze  is  based  on  55%  of  the 
maximum  tensile  strencth. 


cushion  the  operating  system  from  shock.  Tensile 
strength,  although  a  good  indication  of  a  bearing's 
physical  properties,  is  of  less  importance  in  selection  an 

optimum  bearing.  Thordon  SXL  TRAXL  bearings  have 

been  proven  to  resist  impact  loading  and  provide 
superior  wearfife  in  highly  loaded  hydro  turbines. 

No  Need  for  Hardened,  Ground  Journals:  Hard 
journals  are  required  for  hard  bearings.  With  Thordon 

tlnZT  ■r?ffW need not more sophisticated 
than  304  or  316  stainless  steel  with  no  Hardening 

Surface  smoothness  should  be  0.8  pM  (32  p  inches}. 

tn  r'9h  Pre?^e  CaPac,ty;  Although  typically  loaded 
to  pressures  of  20  to  25  MPa  (3,000  to  3,600  psi)  in  a 
hydro-turbine,  Thordon  TRAXL  bearings  are  performing 

W1o  Mba^ihlUS‘riat  appll“!ion5  at  Pressures  as  high 
as  70  MPa  (1 0,000  psi)  or  higher. 

Accommodate  Edge  Loading:  Under  the  edge 
loading  conditions  that  can  occur  as  a  result  of  minor 

mis-alignment  or  wicket  gate  deflection,  Thordon 

deflects  slightly,  effectively  spreading,  and  thereby 
reducing,  the  pressure.  The  galling  of  metallic  bearings 
that  often  occurs  due  to  edge  loading  under  these 
conditions  is  eliminated  with  Thordon. 

Wet  Or  Diy  Operation:  Thordon  operating 
mechanism  bearings  function  well  either  sealed  arid  dry 
or  Immersed  In  water.  In  fact,  Thordon'*  coefficient  of ' r 
friction  immersed  is  less  than  operating  dry, 

Lip  Seal  Availability;  In  the  event  that  sealed 
wicket  gate  bearings  are  preferred,  Thordon  SKI  TRAXL 
bearings  can  be  supplied  from  the  factory  with  high 
quality  Thorseaf  lip  seals  Installed,  Formulated  from  a 
high  strength  polymer  with  internal  lubricants,  Thorseals 
provide  effective  sealing,  low  friction  and  fong  life. 
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KAMATICS  CORPORATION 


KAMAN 


KAron  B 

High  Load 


KAron  V 

High  Load  t  Low 
Friction 


KArott  F 

Low  Friction 


KAron  VS 


Low  Fricdot? 


Approximate  Physical 
_  Properties 

Density-  1.51  icm/ce 
Hardness  Rockwell  M95 
:  Hiickncss  Range  .Q05  -  MO” 
(A27  ~  1.5  aim) 


Density  -  1 .36  gm/cc- 
Hardness  Rockwell  MSS 
Hdcbiess  Range  .005  -  .050** 
(.127- 1,5  mm) 


Density- ). 36  gratae 
Hardness  Rockwell  MSS 
Thickness  Range  .0113”  -  mm. 
(,07$  turn  mm.) 


Density  —  1 .56  gmlec 
!  Hardiest  Rockwell  15X  SS 
;  Thickness  Range  .005  -  ,(>6(P 
(.12?  - 1.5  cun’) 


j  Density  - 1..60  gai/ec 
|  Hardness  Rockwell  MSG 
Thickness  Rarute  .005  -  .060” 
(.127- 1.5  imu) 


'  Density—  1.36  gm-fec 
Hardness  Rockwell  MS0 
Thickness  Range  005  -  .060'’ 
(,  127-  1.5  mm) 


Density  -  1.44  gmfce 
Hardness  Rockwell  15X  77 
Thickness  Range  .005  -  .0$0” 
(.127 -1.5  mm) 


Density  r-  1.85  gmtee 
Hardness  Rockwell  M90 
Tiucknsss  Range  .005  *  ,0${T 
(.127  -1.5  nan) 


TABLE  1 _ 

Characteristics 

’  Dynamic  operating  Pressures  to  50,000" 
psi  (345  mPa). 

Velocities  to  3  fpm  (1  Mfasrn  ) 

Temp  Range  -K>0S'  is  4 00* f  (*73 c 

»>203«C) 

SAE  AS81S20&  $AE  ASS  1934 
Qualified  •  ■ . 

.Dynamic-  operating  Pressures  to  40,000 
psi  (27$  mftj). 

Velocities  to  10£pm(3  Mfaun.) 

Temp  Ranee  -!  (10  *  to  300*  f  (*733 

to  iSOX) 

Mn»B4»13  Qualified _ _ 

Rubbing  surface  is  a  predominately' 

PTFE  enriched  cater  surface,  presiding 
low  coefftcicm  of  friction  at  low  load? 
and  at  law  temperatures  The  genera! 
operating  parameters  are  the  same  as 
KAron  V.  Amimmnra  thickness  finer 
of  -003”  (.07$  mm )  can  be  obtained. 


Dynamic  operating  pressures  up  to 
12.000  psi  (83jn?a)r  excellent  low 
temperature  friction  capabilities.  Team 
Range -100*  to  30O*  F 
(-73*  to  15G°C) 

Dynamic  operating  Pressures  to  30,000 
psi  (205  rcPa). 

Velocities  to  10  fpm  Q  M/mirr) 

Temp  3ta$e  -100s  m  250*  F  <-73° 
to  t20*C) 

M&-B-S943  Qualified 


Dynamic  operating  Pressures  to  35,000 
psi  (240  mPa). 

Velocities  to  10  fpm  (3  Mforn.) 

Temp  Range  -100*  to  250*  F  (-73* 
to  1 20”C) 

Mil  *£-894.3  Qualified 


Dynamic  operating  pressures  up  to 
25,000  psi  (145m?a)t  excellent  low 
temperature  friction  capabilities.  Temp 
Range  -100*  to  250*  F 
<«73c  to  12FC) 

Desired  forMi.l*B-$943 


LKuaauc  operating  Pressures  to  20,000 
fwi{l40mPa). 

Velocities  to  30  fpm  (9  M/mm) 

Temp  Ranse  -1 00*  to  2 50*  F 
(-73*  to  1 20X) 

Designed  for  $AE  ASS  1819 


!  Typical  Applications 


Aircraft  controls,  landing  gears  etc. 
Highly  loaded  linkages. 

Jet  engine  controls. 

Other  high  loaded  demanding, 
m&faimumee  free  applications. 


:  1  rack  rollers.  7r  •  ■ 

Cam  followers. 

Marinefeava!  applications. 
Aircraft  shock,  struts. 

Other  high  loaded,  low  iketian 
applicatioas.  . 

Spherical  bearings  : 

Track  rollers. 

Cam  followers 

Other  moderated  high  loaded.  low 
friction  applications  ; 


Spherical  bearings 
Track  rollers. 

Cam  followers 

Other  moderate  loaded,.  low  friction 
licarioas 


Lending  gear  risock  struts  and  other 
moderate  load,  relatively  high  speed,  low 
friction  applications. 


Lauding  gear  shodi  struts. 

Other  application*  requiring  low  friction 
and  low'  rates  of  wear  along  with  a 
degree  of  ductility  to  accommodate 
System  directions, 


Landing  gear  shock  stmts. 

Other  applications  requiring  lew  friction 
end  knv  rates  of  wear  along  with  a 
degree  of  ductility  to  accommodate 
system  deflections. 


Helicopter  rotor  controls, 

Oilier  high  speed,  moderate  load  low 
friction  applications. 


KA therm  T8R  Density  -  1 .30  gm/cc 
High  Speed  /  Hardness  Rockwell  MS0/90 

High  Temperature  Thickness  Range  ,005  -  .030” 
600°F  (31$°C)  (.127 -.75  mm) 


Dynamic  operating  Pressures  to  Hl5(H)0 
psi  (70  nsPa). 

Velocities  to  30  fpm  (9  MTnirt) 

Temp  Ranee  -1 00*  to  6Q<T  F 
(-73*  to  31$X> 


Formulated  for  high  temperature 
applications  to  600°F  (31  £*C)  such  as 
VG  bushings,  engine  linkages,  thrust 
reaerser,  cam  followers,  track  rollers 
and  helicopter  rotor  control  beArfog-  t 
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KAMATICS  CORPORATION 

KAMAN 


Typical  KAron  Characteristics; 

•  Self  adhering  -  No  secondary  bonding 

•  Large  thickness  range...>.060” 

•  Excellent  fluid  compatibility 

•  Excellent  abrasion  resistance 

•  Homogenous  -  uniform  wear  &  friction 

•  Ability  to  refurbish  components 

•  ft  is  Machinable 


The  slide  above  lists  significant  attributes  for  KAron  liner  systems.  All  KAron 
formulations  are  made  from  the  same  basic  resin  system,  insuring  consistent 
performance. 


KAron  Fluid  Compatibility 

•  Mil-H-5606  &  Mil-H-83282  (Hydraulic  Oil) 

♦  Mil-A-8243  (Deicing  Fluid) 

♦  Mil-L-7808  (Lubricating  Oil) 

•  JP-4  &  JP-5  (Aircraft  Fuel) 

♦  Skydrof  (Hydraulic  Fluid) 

*  TT-S-735  Type  Vi I  (Standard  Test  Fluid) 

•  Distilled  Water 

*  Sea  Water 

*  Many  Other  Fluids.. Contact  Kamatics 


It  is  important  that  a  liner  system  be  capable  of  operating  in  hostile  environments.  This 
includes  the  ability  to  function  in  various  fluids  without  degrading,  softening  or  swelling. 
The  KAron  liner  system  operates  exceptionally  in  most  industrial  and  aerospace  fluids, 
including  those  listed  above. 
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KAMAT1CS  CORPORATION 


CUSTOMER  CONDUCTED  HUMIDITY  TESTING! 


Comparative  Relative  Humidity  Effects  on  Self-Lube 
(PTFE)  Bearings  for  Seven  (7)  Manufacturers 

(A  Minimum  of  3  Bearings  per  Supplier) 

Comparison  Testing  Shows  Superior  Results  ofKamaties 
Karon  Bearings 

MSI 41 01  -S  She  Spherical  Bearing 
_ {*10  Size  for  Supplier  C) 


.‘jteJMew 
j  Moasaramont 

fitter  ■ 

JJ  Men($iy£*p&nm 
|  wwt Utter 

“  Air  Drying 


MMOfTY  EXPOSURE 
85%  Rofairvc  Humidity 
QiVTFWQfor 
Hours 


if 

Supplier* 


The  results  shown  above  were  obtained  from  testing  conducted  by  a  major  aerospace 
company.  It  clearly  shows  that  the  KAron  liner  system  was  affected  the  least  of  tlie 
seven  suppliers  submitting  specimens. 


The  slide  above  offers  typical  coefficient  of  friction  values  for  the  KAron.  V  liner  system 
at  various  temperatures  and  bearing  pressures.  If  information  as  to  the  coefficients  of 
other  KAron  liners  is  required,  contact  a  Kamaties  representative  at  860-243-9704 
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KAMATICS  CORPORATION 

KAMAN 

Kamadcs  Dam  ShectBi 

HONING.  MACHINING.  CLEANING  &  MEASUREJNG 

KARON  and  KATHERM 

Honing: 

The  following  information  is  supplied  as  an  aid  in  KARON  or  KAlHERM  honing  operations,  A  honing 
machine,  Snxmen  or  similar,  should  be  used  and  the  finished  ID  be  sized  with  standard  GO\Nd-GO  plug 
gages.  Tooling  may  be  required  to  properly  position  the  part  being  honed  to  insuring  alignment; 
squareness,  and/or  position. 

*  Stone  -  Sunnen  K6-A63  or  K6-A65  or  similar  (2 SO  grit  medium  hard  aluminum,  oxide). 

*  Speed  -  300  to 1000  rpm,  depending  upon  the  diameter  of  the  bushing  being  honed, 

*  Coolant  -  Sunnen  MB30  (oil  base)  or  similar. 

After  honing,  ultrasonic  clean  the  bushing  in  any  of  the  cleaners  noted  below,  to  remove  honing  stone 
debris. 

Machining: 

The  following  information  is  supplied  as  an  aid  in  KARON  or  KATHERM  machining  operations.  Hie 
finished  ID  should  be  sized  with  standard  GO\NO~GO  plug  gages.  Tooling  may  be  required  to  properly 
position  the  location  of  the  ID. 

•  Insert;;  -  Diamond  inserts  for  best  results.  Carbide  inserts  acceptable,  0.030”  nose  radius  minimum. 

•  Speed  -  1000  surface  feet  per  minute  (300  meters  per  minute)  minimum. 

•  Depth  of  Cut  -  as  required. 

#  Feed  Rate-  0.001/.  003  inches  (0,025/0.075  mm)  per  revolution. 

«  Coolant  -  water-soluble  coolant  (if  necessary}* 

Depending  on  size  and  the  degree  of  accuracy  required,  special  fixtures  and/or  holding  devices  m  ay  be 
required  (as  would  be  the  case  for  machining  any  material).  KAron  is  easily  machined  and  therefore  the 
use  of  a  coolant  is  not  necessary.  The  machining  debris  wall  be  in  the  form  of  small  chips  and  powder.  . 

Cleaning: 

Cleaning  of  the  Kamatics  bearings  can  be  accomplished  with  practically  any  norma!  factory  cleaner  or 
solvent."  Obviously  those  that  do  not  leave  a  undesirable  residue  are  preferred.  Suggested  is  Turco  4215 
alkaline  detergent  "followed  with  a  fresh  water  rinse,  or  Citriklcen  XPC  citric  based  solvent  followed  with  a 
methanol  rinse.  Nitrosol,  alcohol,  acetone,  and  Tri-cblor  111  (when/if  emirornncntaHy  acceptable)  can 
also  be  used.  Avoid  acids  (hot  or  cold)  and  caustic  “paint  removers”  as  these  can  be  a  problem  if  left  on  the 
liner  for  an  extended  period  of  time  (over  3  minutes). 

Dimensional  Inspection: 

Dimensional  inspection  of  KAron  and  KAtberm  lined  surfaces  requires  special  consideration.  Because  or 
the  fibrous  nature  of  the  material  and  its  hardness  relative  to  metals,  we  suggest  the  use  of  “GO-NO  GO” 
ganes  when  inspecting  inside  diameters.  Light  pressure  on  micrometer  measurements  on  external  surfaces 
readily  measured  with  this  type  of  instrument,  should  be  used. 

If  conventional  dial  bore  indicators  arc  used,  where  there  are  several  small  pressure  probes  employed,  it  has 
been  established  that  the  reading  on  the  gage  should  allow  .000 1 5  inches  (0. 00.^8  mm)  for  the  probe 
penetration  into  the  liner.  ^  / 

For  example,  if  the  high  limit  dimension  on  an  inside  diameter  is  1.0000  inches  (25.40  mm),  a  “dial  bore” 
reading  of  LOO03  inches  (25.408  mm)  would  be  an  acceptable  reading.  The  low  limit  value  would  be 
similarly  affected. 
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Kamatics  Data  Sheet  134 

KAron®  V  Wear  Strip 

Product  Data  Sheet 

Description: 

Kamatics  KAron*  V  Wear  Strip  consists  of  standard  KAron  Grade  V  self-lubricating  bearing  material 

to  ”  SUbSirate‘  ^  d-eSi?aed  b£  boo*d' onfo  '**&**  <&t  are  subjected  to  light 

to  medium  dut>  rubbing  pressure,  or  as  a  fretting  resistant  barrier.  ^ 

Physical  Properties 

Coefficient  of  friction:  .04 -.OS 

Compressive  strength:  30,000  psi  (207  mPa) 

Max  dynamic  load:  10,000  psi  «S9mPa) 

Max  operating  temp:  250CF  (\7(r=r\ 


impressive  strength:  30,000  psi  (207mPaV  •• 

Max  dynamic  load:  10,000  psi  fdO  mPaj  : 

Max  operating  temp:  250°F  (120"C) 

Available  Sfres: 

Sttodard  KAron.  V  Wear  Strip  material  is  available  in  cut  sheets  of  12"  x  48"  (305  x  1219  mm);  3/4"  and  J" 

(19mm  atrf^.4mm)  wide  stops,  washers  ofvarious  sizes,  and  custom  die  cut  shapes.  The  materia!  is 
available  in  two  thicknesses:  - 

JOrmt  V  Wear  Strip  Grade  Preset  besertotion  \  Nominal  Tkicht^s  :■ 

-~~~2 - —  L'Sht  Duty  Wear  Strip  ~Qi8,,±.003(.46  mm4;  .07SV  ' ' 

1  _  1  Medium  Duty  Wear  Strip  1  .036*  ±  .003  (.9  j  mm  ±  ,Q73)  ~ 

Standard  Part  Numbering  System: 

For  standard  cut  strip  dimension  parts,  Kamatics  uses  the  fallowing  part  numberirur  system 
Where:  KWSfMJxxx/TJ -yyy -zzz  “/ 

M-.  Metric  dimensions 

ce-  “  Light  strip,  .018"  (,46mm)  nominal1  thickness 

bacMnV^'5  '  PllU  tab  mCUded  al0ng  allows  for  easy  removal  of  peel  ply 

yyy~  Part  width  in  1/8”  increments  up  to  12\  i.e,  024  «  3,r  wide  \ 

(Metric:  5mm  increments  up  to  300mm,  ie,  020  «' 1  00mm  wide) 
zzz^  Part  length  in  1/4”  increments  up  to  48”,  ie.  096  ~  24”  long  ^  . 

(Metric:  10mm  increments  up  to  1200mm,  i.e.  050  -  500mm  long) 

Bonding  Procedure: 

KAron  V  Wear  Strip  comes  with  a  woven  nylon  peel-ply  on  the  back  of  the  fiberglass  to  protect  the 
bondmg^ surface  from  dirt  and  debris.  When  the  pull-tab  (T)  option  is  called  out  m  the  part  number*  a  3/8” 
(9.omm)  long  breakaway  tab  will  be  provided  for  easy  removal  of  the  peel  ply  backing.  With  the  peel-plv 
removed  and  the  back  surface  exposed,  the  KAron  V  Wear  Strip  is  prepared  for  bonding  onto  a  suitable  * 
surface.  A  room  temperature  curing  structural  epoxy  adhesive  m  is  recommended  for  bonding  KAron  V 
wear  Strip  material. 

Notts:  ' 

1 .  Above  reported  values  based  on  wear  ship  only.  Physical  properties  in  service  will  be  largely 
dependent  upon  the  adhesive  bond  integrity,  Hie  substrate  material  and  surface  preparation  of  the 
substrate. 

2.  Suggested  structural  adhesives:  EA9460,  EA9309,  EA9394  (Dexter  Hysol),  ScotehweH460  (3M  Co.)  . 
Araldite  201 1  (Ciba  Specialty  Polymers). 
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.  KAMATICS  Tech  Note  15  ' 

Kamatics  KAron  Wear  Strip 
Bonding  Procedure  for  General 
Purpose  Installations,  <160*3?  {<70  °C\ 

IntroducHnn 

Kamatics  KAron  coated  Wear  Strips  oiler  the  capability  to  coat  and  protect  moving  parts  by  field 
.  application  of  self  lubricating  bearing  materials.  When  attaching  the  Kamatics  Wear  Snip,  care  should  be 
taken  in  the  field  bonding  procedure  to  assure  adequate  adhesion  of  the  Wear  Strip  to  the  substrate;  to  be 
protected.  The  Kamatics  Eagmceruag  Technical  Note  provides  a  procedure  for  general  purpose  bonding  of 
Kamatics  Wear  Strips  where  operating  temperature  will  not  exceed  I60aF  (70°C)  and  operating  load$"are 
low. 

General 

A  reliable  bonding  procedure  requires  care  in  the  following: 

=>  *  Adhesive  selection  and  control 
=s>  -'.Substrate  cleaning 
==>  -  Substrate  preparation 
-  Bond  line  thickness  control 
=>  -  Curing  procedure, 

This  Engineering  Technical  Note  addresses  each  of  the  above  elements  to  provide  the  user  with  a  step-by- 
step  procedure  for  general  purpose  bonding  of  Kama  tics  Wear  Strips  . 

Adhesive  Selection  and  Control 

Tor  bonding  Wear  Strips,  Kamatics  recommends  the  use  of  Hysoi  Epoxy  Adhesive  E A  93 09.3  NA,  or 
equivalent.  Important  characteristics  of  the  adhesive  are: 

=>  -  Adequate  working  time  for  the  particular  installation 
=>  -  160°F  (70°C)  operating  temperature 
.  ■  =>  -  Integral  bond  line  control  (suspended  glass  beads  or  fabric  carriers) 

The  final  bond  quality  can  be  adversely  affected  by  improper  handling  and  storage  of  the  adhesive. 
Therefore,  all  adhesives  must  be  stored  and  handled  strictly  in  accordance  with  the  manufacturer's 
instructions  and  must  not  be  used  beyond  their  published  shelf  life 

Substrate  Cleaning  ’  .  •  ■, 

The  substrate  should  be  thoroughly  cleaned  to  remove  all  traces  of  dirt,  oils,  and  other  contaminants. 

For  substrates  which  are  heavily  contaminated,  the  surfaces  to  be  bonded  should  first  be  cleaned  using  a 
detergent  cleaner  and  thoroughly  rinsed  with  hot  water. 

Cleaning  of  the  surface  to  be  coated  should  be  by  washing  or  wiping  with  trishloroethane,  acetone,  or 
alcohol. 

No  cleaning  of  the  Kamatics  Wear  Strip  is  required.  The  surface  of  the  Wear  Strip  to  be  bonded  i$ 
protected  by  an  integral  "peel  ply”  applied  to  the  surface  to  be  bonded.  Removal  of  this  "peel  ply*  exposes 
a  surface  which  is  clean,  roughened,  and  ready  for  bonding. 

All  parts,  following  cleaning,  should  be  handled  only  by  personnel  using  clean,  lint  free  gloves. 
Contamination  of  cleaned  surfaces  must  be  avoided,  and  any  such  contamination  requires  re-cleaning  of  the 
parts. 

Substrate  Preparation 

In  order  to  achieve  a  reliable  bond  between  the  Kamatics  Wear  Strip  and  the  substrate,  both  surfaces  should 
be  mechanically  roughened  to  provide  a  surface  most  receptive  to  adhesion. 

As  mentioned  previously,  the  "peel  ply"  applied  to  the  back  of  the  Wear  Strip,  when  removed  exposes  a 
surfaces  which  is  already  clean,  properly  roughened,  and  ready  for  bonding. 

The  substrate  should  be  mechanically  roughened  using  an  alumina  grit  paper  (80-200  grit  is  adequate)  or 
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using  alumina  grit  fa  a  grit  Mast  operation,  to  remove  all  surface  deposits.  Re-clean  the  surfafes^after 
rouaherang:  Bond  as  soon  as  possible. 

Proper  Bond  line  Thickness  Contra! 

in  order  to  achieve  die  highest  possible  bond  strength,  the  bond  line  thickness  must  be  controlled.  The  best 
romrol  for  controMmg  *e  1,ond  Ime  thickness  is  to  use  an  adhesive  with  an  integral  method  of  bond  line 

AJiesive  EA  9309.3  NA  is  a  liquid  which  incorporates  0.005'  diameter  glass  beads  for  bond  line  control 
:  llle  lH3utois  applied  to  one  or  both  surfaces  to  be  bonded,  and  the  surfaces  are  pressed  together  until  the 
excess  adhesive  is  squeezed  out  from  between  die  surfaces.  The  glass  beads  prevent  die  surfaces  from 
bemg  pressed  closer  together  than  0,005"  (0.125  mm),  providing  the  optimum  bond  line  thickness. 

Proper  Curing  Procednrg 

The  filial  bond  quality  can  be  adversely  affected  by  improper  curing  of  the  adhesive,  therefore,  all  cum* 
operations  must  be  performed  strictly  in  accordance  with  the  manufacturer's  instructions  BA.  9309  3  NA 
prides  optimum  strength  when  cured  at  70°-$0’F  (20e-25T)  for  5  to  7  days',  The  bond  will  develop 
sufficient  strength  for  handling  after  6  hours  at  room  temperature,  and  touring  to  hold  the  pan  pressed 
together  should  be  used  until  handling  strength  is  developed.  Time  to  develop  handling  stremdb  can  be 
greatly  reduced  by  application  of  heat  (do  not  exceed  250°F  for  this  purpose). 

Kama  tics  Wear  Strip 
Bonding  Procedure  Summary 


Cleaning; 


Hysol  HA 9309. 3  NA  or  equivalent 


*  Clean  heavily  contaminated  surfaces  using  a  detergent  cleaner  and  thoroughly  rinse  with  hot  water. 

*  Clean  the  surface  by  washing  in  tricMoroethane.  acetone*  or  alcohol 
Surface  Preparation  f  Substrate  V 

Mechafacally  roughen  using  sn  aiumfaa  grit  paper  (80-200  grit  is  adequate)  or  using  alumina  grit  fa  a  grit 
blast  operation,  to  remove  all  surface  deposits.  Re-clean  after  roughening. 

*  Handle  only  with  clean*  lint  free  gloves.  i: 

*  Apply  adhesive  as  soon  as  possible.  ;.T\ 

Surface  Preparation  fWear  .Strip V 

Remcw-e  the  "peel  plv”  from  the  bade  of  the  wear  strip  (a  sharp  object  such  as  a  knife  is  useful  for  initiating 
separation  of  the  npee!  ply"  from  the  Wear  Strip). 

•  Handle  only  with  clean,  lint  free  gloves.  "  :  ; 

♦  Apply  adhesive  as  soon  as  possible. 

Bond  Line  Control: 

Apply  a  thin  coat  of  adhesive  to  both  the  surface  and  to  the  back  surface  of  the  Wear  Strip  (or,  if  using  a 
film  adhesive,  apply  the  pre-cut  adhesive  film  to  the  back  of  the  Wear  Strip). 

Press  the  Wear  Strip  against  die  substrate  until  excess  adhesive  no  longer  is  squeezed  from  between  the 
parts.  (Wiping  the  excess  adhesive  from  the  parts  at  this  point  will  reduce  the  effort  required  for  cleanup  of 
the  parts.)  . 

Bond  Curing: 

Keeping  the  parts  pressed  together,  cure  the  bond  to  handling  strength  at  room  temperature  70°-$0°F  (20e- 
25°C)  for  6  hours.  Fully  cure  the  bond  at  room  temperature  for  5  to  7  days. 

*  Clean  up  excess  adhesive  a*  required. 
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ROLLER  SWAGING  KARON  LINED 
SELF-LUBRICATED  SPHERICAL  BEARINGS 

General  t 

The  information  given  in  Tech  Note  18  is  offered  as  a  guide  when  designing  a  tool  to  roll  swage  a 
bearing  into  a  housing.  The  data  pertains  to  the  manufacture  of  a  tool  for  any  particular  bearing 
size.  It  is  obvious  that  a  ‘‘basic”  tool  can  he  designed  with  interchangeable  spacers,  sleeves,  and 
rollers  that  would  accommodate  a  family  of  hearing  sizes.  The  user  is  encouraged  to  consider  this 
option  when  designing  tooling- 

Introduction 

Installation  of  KAron  lined  self  lubricated  spherical  bearings  is  best  performed  by  using  a  roller  swaging 
tool  simitar  to  that  shown  in  Figure  1  or  the  Appendix.  Roller  swaging  requires  less  force  than  anvil 
staking,  is  easier  to  adjust  to  variations  in  swaging  groove  geometry,  and  allows  finer  control  of  the  actual 
swaging  process.  Because  the  sleeves  (or  pilots)  and  adjustable  spacers  allow  one  basic  rolling  tool  to  be 
adapted  to  a  variety5  of  bearing  sizes,  roller  swaging  tools  are  also  more  economical  than  anvil  staking  tools. 


Figure  1  -  Typical  Roller  Staking  Tool  Set  Up 


Most  users  find  it  easier  and  more  convenient  to  manufacture  their  own  roller  swaging  tools  in  accordance 
with  the  formula  and  drawings  contained  in  the  Appendix  or  similar  designs.  In  addition,  Kamatics  can 
provide  individual  tools  or  sets  for  users  without  the  facilities  to  easily  produce  their  own  tools. 

Procedure 

The  following  step-by-step  procedure  prorides  the  instructions  needed  to  successfully  install  KAron-lincd 
self  lubricated  spherical  bearings  in  a  shop  environment  installation  of  KAron-lined  self  lubricated 
spherical  bearings  in  parts  which  are  mounted  on  the  aircraft  require  modified  versions  of  the  roller 
swaging  tool,  but  the  basic  procedure  is  the  same. 
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(1)  Use  a  heavy  duty-  drill  press  with  a  quill  diameter  of  not  less  than  2  inches,  and  gearing  that  will  aive 
not  less  than 200  pounds  offeree  at  the  chuck  with  usual  operator  input.  Set  the  drill  press  for 
beSn8fe  V  fof  '  kch  °r  Sl"a!ler  b0re  *»***>  or  proportionately  slower  for  larger 

(2)  Set  the  rollers  of  the  swaging  tool  to  agree  with  the  diameter  of  the  bearing  swage  groove  The 
disMnce  between  die  inside  edges  of  the  rollers  should  be  .005-.01 0”  linger  than  the  diameter  of  the 

of  ttegroove, as  a  stmingpdul.  Tigfattt  all  the  parts,  malting  sure  the  rollers  turn  itedv. = 
Tnei^of  me  pilot  in  the  guides  of  die  primary  and  the  secondary  anvils  should  be  tight  without 

(3)  Install  the  swaging  tool  in  the  chuck  of  the  drill  press. 

(4)  Apply  die  specified  installation  finish  (primer,  sealant,  etc.)  to  the  ID  of  the  housms  and  the  OD  of 

thebcanng,  w 

(5)  Install  the  bearing  centered  in  housing.  Make  sure  the  outer  race  of  the  bearing  is  Hush  to  0,010 
inch  above  the  housing  surface,  or  as  specified  on  the  installation  drawing, 

(6)  Apply  a  thin  layer  of  general  purpose  grease  to  the  swaging  groove  to  prevent  galling.  Try  not  to  let 
the  grease  get  on  the  KAron  surfaces  of  the  inner  race* 

CAUTION:  MINIMIZE  THE  AMOUNT  OF  GREASE  OR  OTHER  LUBRICANTS  WHICH 

MIGHT  GET  INTO  KARON-LINED  BEARINGS.  LUBRICANTS  CAN  COLLECT 

_  CON  i  AMINATION  AND  THUS  SHOULD  BE  AVOIDED. 

(7)  Set  the  surface  to  be  swaged  perpendicular  to  the  axis  of  the  spindle, 

(8)  Swage  the  first  side  of  until  the  lip  is  swaged  out  into  the  swaging  groove,  Inspect  the  swaging  Hp  to 
insure  that  sufficient  swaging  has  occurred.  There  should  be  less  than  .005”  gap  between  the  outside 
o  the  up  md  the  housing,  which  can  be  checked  with  a  wire  feeler  gage.  If  the  lip  has  not  swaged 
over  adequately  after  two  attempts,  increase  the  distance  between  the  inside  edges  of  the  rollers  an 
additional  ,005”  and  re-swage. 

(9)  Turn  the  assembly  over  and  swage  the  .second  side. 

NOTE:  Do  not  let  the  rollers  touch  the  bottom  or  the  inner  face  of  the  swaging  groove  in  the 

bearing  outer  race.  This  can  cause  binding  of  the  bearing  to  the  extent  that  the  ball 
cannot  be  turned  in  the  housing.  > 

(10)  Clean  the  lubricant  from  the  bearing  with  a  rag  wet  with  a  small  amount  of  methyl  ethyl  ketone, 
acetone,  or  similar  solvent  Protect  the  inner  race  from  the  solvent  and  all  lubricants.  r . 

(11)  Examine  the  swaged  lip  for  clearance  and  galling.  Gall  marks  should  be  avoided,  and  is  caused 
when  the  rollers  did  not  turn  or  the  roller  lubrication  was  insufficient. 

(12)  The  stake  is  completed  when  the  swaged  lip  touches  the  housing  chamfer  and  the  nap  at  the  outer 
edge  is  less  than  .005”. 

(13)  Unless  specified  by  the  overhaul  instructions,  the  no-load  breakaway  torque  of  an  installed  KAron- 
lined  spherical  bearing  must  not  be  more  than  two  times  the  uninstalled  maximum  breakaway  torque 
specified  in  the  bearing  specification  or  standard. 

(14)  If  required,  give  the  bearing  a  push-out  load  test.  Apply  the  load  only  to  the  outer  race.  The  bearing 

mast  not  move  in  the  housing  or  come  loose  i  * 

DIMENSIONS  FOR  ROLLER  SUPPORT 

A  DIA  -  AS  REQ  TO  FIT  DRILL  OR  Mitt  CHUCK  (BEARING  I  D.  MIN) 

B  DIA  =  SUP  FIT  IN  BEARING  I.D.fPRESS  FIT  ON  SUPPORT) 

C  MIN  =  (BALL  WIDTH  -  RACE  WIDTH)/2  +  MAX  BRG  GROOVE  DEPTH  +  .020 
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C  MAX  =  C  MIN  +  .005 

D  DIA  =  B-.06  (PRESS  FIT  WITH  SLEEVE  LD.) 

E  MIN  =  NOMINAL  BOLT  DIA 
EMAX- EMIN  +  .010 

F  Mm  -  C  MAX  +  E  MAX  {2  ROLLERS  REQUIRED,  OX).  MUST  BE  WITHIN  001  OF  EACH 
OTHER} 

F  MAX  =  F  MIN +  .010 
G  MIN -MAX  BRG  GROOVE  DIA +  .005 
G  MAX  =  G  MIN +  .005 
H  DIA  =  SLIP  FIT  WITH  BOLT  DIA 
L  MIN  -C  +  (1.5  x  BRG  BALL  WIDTH) 

L  MAX  =  L  MIN +  .030 

W  MAX -G  MIN -.06  (ALLOWS  2. 030  THICK  SPACERS)  SEE  NOTE  3 

DIMENSIONS  FOR  ROLLER  BASF. 

J  MIN  =  MAX  BRG  I.D,  +  .005 
J  MAX  *  J  MIN  +  .005 
K  MIN  =  G  MIN 
K  MAX  =  MIN  BRG  O.D. 

M  MIN  =  SUGGEST  1.00  MIN  (TO  SUIT  USER  EQUIPMENT)  - 

N  MIN  =  ((BRG  BALL  WIDTH  -  RACE  WIDTH)/2)  +  .030 
N  MAX  =  N  MIN  +  .030 

P  MIN  =  (2  x  V(BRGB  ALL DIA/2)2 @ (RACE  WIDTH  G)3 )  +  .020 
P  MAX -P  MIN  +  .010 

R  MIN  «K  MAX +  .2S  (MAX -TO  SUIT  CUSTOMERS  EQUIPMENT) 

NOTES: 

1 .  REFER  TO  MIL-STD-1599  REQUIREMENT  202,  PARA.6  FOR  INSTALLATION  AND 
SUBSEQUENT  INSPECTION  OF  INSTALLED  BEARINGS 

2.  ASSEMBLE  NUT  AND  BOLT  AS  SHOWN.  TIGHTEN  THE  NOT  SUCH  THAT  THERE  IS 
APPROXIMATELY  .005*  LOOSENESS  TO  ALLOW  THE  ROLLERS  TO  ROTATE 
WITHOUT  CATCH  OR  BINDING. 

3.  SPACER  THICKNESS  *AS  REQUIRED  TO  OBTAIN  PROPER  WIDTH  TO  MATCH  DIM. 
■G"  (BEARING  GROOVE  DIAMETER).  THE  SUPPORT  CAN  BE  MANUFACTURED 
WITHOUT  THE  N  EED  FOR  SPACERS  BUT  THE  TOOL  IS  THEN  LIMITED  TO  THAT  ONE 
SIZE  UNLESS  MODIFIED  LATER. 

4.  THE  UNDERCUT  IS  NOT  MANDATORY  BUT  THE  POTENTIAL  FOR  INTERFERENCE 
WITH  MATING  HOUSING  WILL  EXIST, 

ROLL  SWAGING  TOOL  -  MATERIAL 

ROLLER  SUPPORT-  STEEL.Rc40  MIN 
ROLLER  (2)  -  TOOL  STEEL.RC55  MIN 
SLEEVE-  ACETAL  RESIN.,  PTFE,  NYLON,  ETC 
SPACER  (AS  NEEDED,  2  MIN)-  STEELJlc25  MIN 

BOLT-  .250  DIACLOSE  TOLERANCE.  HARDENED  (Rc35  MIN)  (SUGGESTED) 

NUT- .250  THREAD  (SELF-LOCKING  SUGGESTED) 

ROLLER  BASE-  STEEL, Rc40  MIN 


41 


ERDC/CERL  SR-04-8 


111 


Attachment  1 :  Powertech  Report  on  Scale  Model  Testing  of 
Navigation  Lock  Pintle  Self-Lubricating  Bushings  for  USACE 


POWERTECH  LABS  INC. 


Project  Report 


SCALE  MODEL  TESTING  OF  NAVIGATION  LOCK  PINTLE 
BUSHINGS  FOR  CORPS  OF  ENGINEERS 
Project:  13608-36-00 

August  2003 


Prepared  for: 

Dr.  L.  David  Stephenson 
ERDC-CERL 


Keywords:  Self-lubricating  bushings,  pintles,  navigation  locks 


Prepared  by: 


Approved  by: 


R.  A.  Palylyk 

Sr.  Project  Specialist  II 

Materials  Engineering 


Avaral  Rao 
Director 

Materials  Engineering 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushings  -  Additional  Tests _ 


Powertech  Labs,  Inc. 


TABLE  OF  CONTENTS 

Page 

1.0  INTRODUCTION . 4 

2.0  OBJECTIVE  AND  WORK  PROGRAM . 4 

2.1  Tasks . 4 

2.1.1  Task  1 :  Scale  Model  Test  Frame . 4 

2.1.2  Task  2:  Scale  Model  Pintle/bushing  Combinations . . . 4 

2.1.3  Test  Conditions  -  Loading  and  Operating  Rate . 5 

3.0  SCALE  MODEL  ASSEMBLY . 5 

4.0  INSTRUMENTATION . 6 

5.0  TEST  PINTLES  AND  BUSHINGS . 6 

5. 1  Bushing  Test  Sleeves . ® 

5 .2  Bushing  Requirements . 6 

6.0  TEST  RESULTS . 7 

6.1  Thordon  HPSXL . 7 

6.2  Kamatics  KAron  V . 7 

6.3  Tenmat  T8 1 4  (retaining  collar  type) . 7 

7.0  DISCUSSION . 9 

8.0  CONCLUSIONS . 9 

APPENDIX  A  MODEL  CONSTRUCTION  AND  ASSEMBLY . 1 1 

APPENDIX  B  THORDON  HPSXL  TEST  RESULTS . 17 

APPENDIX  C  KAMATICS  KARON  V  SELF-LUBRICATING  BUSHINGS/PINTLE  TEST . 29 

APPENDIX  D  TENMAT  SELF-LUBRICATING  BUSHING  (RETAINING  COLLAR)  TEST 

RESULTS . 41 


_ This  project^  report  shaU  not  be  reproduced,  except  injujl  without  the  written  approval  o/  Powertech  Labs,  Inc. _ 

Project:  13608-36  14-Aug-03  Page  2 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushings  -  Additional  Tests _ 


Powertech  Labs ,  Inc. 


LIST  OF  FIGURES 


Figure  A1 :  Schematic  overview  of  scale  model  pintle  bearing  test  frame . 12 

Figure  A2:  Location  of  displacement  transducers  for  wear  measurements . 13 

Figure  A3:  Location  of  torque  transducer  for  measuring  frictional  load . 14 

Figure  A4:  Top  and  bottom  actuators  assembly . 14 

Figure  A5:  Overview  of  test  set-up . 15 

Figure  A6:  Close-up  view  of  6"  pintle  side . 15 

Figure  A7:  Close-up  view  of  5”  pintle  side . 16 

Figure  Bl:  Close-up  view  5"  pintle  contact  side.  There  is  marked  scoring  towards  stepped  edge 

of  the  pintle . 19 

Figure  B2:  Thordon  HPSXL  5"  pintle  bushing . 20 

Figure  B3:  Close-up  view  of  loaded  side  of  bushing.  Note  accumulated  wear  debris . 20 

Figure  B4:  Pintle  bearing  tests  5"  pintle/bushing  coefficient  of  friction.. . 21 

Figure  B5:  Pintle  bearing  tests  5"  pintle/bushing  wear . 22 

Figure  B6:  Pintle  bearing  tests  5"  pintle/bushing  wear  and  temperature . 23 

Figure  B7:  Overview  of  Thordon  HPSXL  6"  pintle.  Note  staining  of  pintle  on  loaded  side . 24 

Figure  B8:  Close-up  view  of  Thordon  HPSXL  6”  pintle  bushing.  Primary  contact  area  is  at  top 

of  image . 24 

Figure  B9:  Close-up  view  above  image  on  loaded  side.  Note  accumulation  of  wear  debris  above 

darker  contact  area . 25 

Figure  BIO:  Pintle  bearing  tests  6”  pintle/bushing  coefficient  of  friction . 26 

Figure  Bll:  Pintle  bearing  tests  6"  pintle/bushing  wear . . . 27 

Figure  B12:  Pintle  bearing  tests  6”  pintle/bushing  wear  and  temperature . 28 

Figure  Cl:  Close-up  view  of  5”  pintle  from  Kamatics  KAron  V  test . 31 

Figure  C2:  Close-up  view  of  5”  KAron  V  bushing.  Note  uniform  polished  contact  areas . 31 

Figure  C3:  Close-up  view  of  5”  KAron  V  bushing.  Note  highly  polished  contact  area.  There  is 

no  indication  of  stress  to  the  lubricant  layer . 32 

Figure  C4:  Pintle  bearing  tests  5”  pintle/bushing  coefficient  of  friction . 33 

Figure  C5:  Pintle  bearing  tests  5"  pintle/bushing  wear . 34 

Figure  C6:  Pintle  bearing  tests  5”  pintle/bushing  wear  and  temperature . 35 

Figure  C7:  View  of  6"  Kamatics  KAron  V  pintle . 36 

Figure  C8:  View  of  Kamatics  KAron  V  bushing.  Note  dark  band,  which  is  next  to  top  edge. 

This  is  the  pintle  contact  area . . . 37 

Figure  C9:  Close-up  view  of  above  image  on  loaded  side.  Note  polished  contact  area.  There 

does  not  appear  to  be  any  stress  to  this  area . 37 

Figure  CIO:  Pintle  bearing  tests  6"  pintle/bushing  coefficient  of  friction . 38 

Figure  Cl  1 :  Pintle  bearing  tests  6"  pintle/bushing  wear . 39 

Figure  C12:  Pintle  bearing  tests  6"  pintle/bushing  wear  and  temperature . 40 

Figure  Dl:  Overview  of  5”  Tenmat  T814  pintle.  Due  to  the  thickness  of  the  bushing-retaining 

ring,  the  first  row  of  pintle  anchoring  holes  had  to  be  machined  away . 43 

Figure  D2:  Close-up  view  of  5”  Tenmat  T814  bushing . 44 

Figure  D3:  Close-up  view  of  Tenmat  T814  5”  bushing.  Note  darker  contact  areas . 44 

Figure  D4:  Pintle  bearing  tests  5”  pintle/bushing  coefficient  of  friction . 45 

Figure  D5:  Pintle  bearing  tests  5"  pintle/bushing  wear . 46 

Figure  D6:  Pintle  bearing  tests  5”  pintle/bushing  wear  and  temperature . 47 

Figure  D7:  Overview  of  6"  T814  pintle.  Note  transferred  lubricant  material  on  side  of  pintle 

contact  surface . 48 

Figure  D8:  Close-up  view  6”  bushing.  There  is  no  indication  damage  to  the  bushing.  Contact  is 

over  95%  of  the  bushing  surface . . . . 49 

Figure  D9:  Pintle  bearing  tests  6”  pintle/bushing  coefficient  of  friction . 50 

Figure  DIO:  Pintle  bearing  tests  6"  pintle/bushing  wear . 51 

Figure  Dll:  Pintle  bearing  tests  6"  pintle/bushing  wear  and  temperature . 52 


This  project  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  Powertech  Labs,  Inc. 

14-Aug-03 


Project:  13608-36 


Page  3 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushings  -  Additional  Tests _ 


Powertech  Labs,  Inc . 


INTRODUCTION 

The  U.S.  Army  Engineering  Research  and  Development  Center-Construction  Engineering  Research 
Laboratory  (ERDC-CERL)  had  contracted  Powertech  Labs  Inc.  to  perform  scale  model  accelerated 
wear  tests  of  navigation  lock  pintles  and  pintle  lubricating  methods  for  the  Panama  Canal  Authority 
(Project  13568-36-00).  Powertech  designed  and  built  a  scale  model  (1/4-scale)  test  frame  to  perform 
accelerated  wear  tests  of  existing  pintle  bushing  configurations,  which  would  be  benchmark  refer¬ 
ences,  and  on  alternative  self-lubricating  pintle  bushings,  in  a  simulated  brackish  Panama  Canal  water 
environment. 

CERL  contracted  Powertech  Labs  Inc.  to  perform  additional  pintle  bushing  tests  following  the  same 
format  as  the  Panama  Canal  tests  with  two  differences:  (1)  silt  laden  river  water  was  used  instead  of 
brackish  water;  (2)  the  horizontal  loadings  and  vertical  loadings  on  the  quarter-scale  model  pintle  were 
870.9  psi.  and  665.8  psi,  respectively. 

The  following  is  a  report  of  the  test  results  on  three  bushing  materials  tested  for  the  Corps  of  Engineers 
navigation  lock  gates. 


OBJECTIVE  AND  WORK  PROGRAM 

The  objective  was  to  simulate  the  mechanical  and  environmental  stresses  of  a  typical  Corps  of  Engi¬ 
neers  lock  miter  gate  pintle  over  its  anticipated  service  life  of 200,000  cycles. 

Accelerated  testing  and  analysis  was  conducted  on  6  lock  gate  pintle/bushing  assemblies,  constructed 
to  V*  scale,  placed  in  brackish  water.  Two  of  the  test  sets  simulated  the  existing  configuration,  while  a 
third  set  used  a  self-lubricating  composite  material.  It  was  anticipated  that  each  test  would  require  ap¬ 
proximately  35  days  of  testing  time  to  complete  the  tasks  described  below. 

TASKS 

Task  1 :  Scale  Model  Test  Frame 

A  device  was  designed  and  constructed  to  test  the  6  scale  model  pintle/bushing  assemblies 
that  would  be  built  in  Task  2.  Three  of  the  assemblies  were  to  be  5  inches  in  diameter  and  the 
other  three  were  to  be  6  inches  in  diameter.  These  pintle/bushing  assemblies  were  'A  of  the  ac¬ 
tual  size  of  typical  Corps  of  Engineer  lock  gate  pintles.  Instrumentation  was  incorporated  to 
monitor  pintle  rotation  for  torque  and  from  this  data  a  value  for  the  coefficient  of  friction 
every  four  (4)  hours.  Wear  was  to  be  monitored  on  a  continuous  basis  with  eddy  current 
probes  for  both  the  vertical  and  horizontal  directions.  Bushing  temperature  was  monitored  ad¬ 
jacent  to  the  loaded  contact  surface.  All  data  was  recorded  with  a  data  logger  and  a  personal 
computer. 

Task  2:  Scale  Model  Pintle/bushing  Combinations 

Three  scale  model  pintle/bushing  assemblies,  each  5  inches  in  diameter,  and  three  scale  model 
pintle/bushing  assemblies,  each  6  inches  in  diameter,  were  designed  and  constructed.  All  the 
scale  model  pintles  were  made  of  316  stainless  steel  (ASTM  A473)  with  a  16  RMS  finish. 
The  bushings  were  self-lubricating  products  from  three  different  manufacturers.  The  pintles 
and  bushings  were  assembled  and  tested  in  silt  laden  river  water  to  simulate  typical  conditions 
found  in  Corps  projects.  The  water,  for  these  tests  was  taken  directly  from  the  Fraser  River 
across  from  the  city  of  New  Westminster,  BC. 
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Test  Conditions  -  Loading  and  Operating  Rate 
Pintle  Cycles  and  Loading 

The  duration  of  the  test  was  approximately  200,000  cycles,  designed  to  simulate  25  years  of 
operation.  The  6-inch  pintles  are  a  %  scale  representation  of  the  existing  pintles,  which  are  24 
inches  in  diameter.  The  rotation  of  the  scale  model  was  63.5°,  consistent  with  the  rotation  of 
the  full-sized  gates. 

The  actual  bearing  pressure  of  the  full-sized  gates  on  projected  pintle  areas  for  a  vertical  load 
is  870.9  psi,  and  for  a  side  load  (from  a  cantilevered  gate  mass)  is  665.8  psi  (based  on  pro¬ 
jected  areas  of  28.3  in  vertical  and  14.15  in2  horizontal).  For  the  scale  model  tests,  this  trans¬ 
lates  to  a  load  of  12.3  tons  vertical  and  a  side  load  of  4.71  tons. 

The  5-inch  pintle  represents  a  full-sized  20-inch  pintle.  Using  the  same  loads  as  for  the  6-inch 
pintle,  the  bearing  pressures  are  equivalent  to  a  vertical  value  of  1254.1  psi  and  a  side  load  of 
961.2  psi  (based  on  projected  areas  of  19.6  in2  vertical  and  9.8  in2  horizontal). 

Pintle  Speed 

Typical  Corps  of  Engineers  navigation  lock  gates  operate  at  a  speed  of  1 10  seconds  for  a  63.5° 
swing  to  open  to  allow  a  vessel  to  pass  through,  then  110  seconds  for  the  swing  to  close.  This 
translates  to  a  bearing  speed  of  0.12  in/sec  for  a  24-inch  diameter  pintle.  It  was  decided  to  set 
the  travel  speed  of  the  6-inch  diameter  scale  model  pintle  to  approximately  0.48  in./sec.  to  re¬ 
duce  the  test  period  to  a  reasonable  length.  The  total  travel  distance  for  the  6-inch  scale  model 
pintle  is  6.65  in.  (close  to  open  -  open  to  close),  and  the  duration  for  one  complete  cycle  was 
13.75  seconds.  Due  to  the  test  configuration,  the  cycle  period  for  the  5-inch  pintle  was  the 
same.  It  took  approximately  35  days  to  run  the  200,000  cycles. 

SCALE  MODELASSEMBLY 

The  main  concept  of  the  scale  model  is  to  statically  load  two  bushings  on  the  same  axis  at  the  same 
time,  thereby  simplifying  the  fabrication  of  a  sufficiently  strong  test  frame.  A  pintle  is  mounted  on 
each  end  of  a  test  shaft,  with  the  pintle  bushings  mounted  in  test  blocks  that  are  fitted  to  the  pintles. 
The  blocks  are  located  on  steel  pads  that  have  a  layer  of  self-lubricating  strips  attached  with  epoxy  to 
their  contact  surface  to  allow  for  free  side  movement  from  the  lateral  loading.  The  shaft  is  long  enough 
to  mount  “frictionless”  double  taper  roller  bearings  adjacent  to  each  pintle  for  shaft  support,  and  to 
mount  a  large  diameter  sprocket  in  the  center  of  the  shaft.  The  sprocket  serves  as  the  connector  link  to 
the  two  hydraulic  actuators  that  are  used  to  rotate  the  shaft  correctly.  (Note:  In  this  simulation,  the 
pintle  bearing  is  fixed  and  the  pintle  rotates,  whereas  the  pintle  an  actual  navigation  lock  gate  is  fixed 
to  the  bottom  of  the  lock  chamber  embedded  in  concrete  and  the  bearing  rotates  with  the  miter  gate. 
The  relative  motions,  COF,  and  wear  are  expected  to  be  similar  in  the  actual  case,  versus  the  simula¬ 
tion). 

An  Enerpac  RCS502  hydraulic  cylinder  was  used  to  apply  the  static  load,  and  each  test  block  had  an 
Enerpac  RCS201  hydraulic  cylinder  applying  a  side  load.  The  axial  hydraulic  jack  was  connected  to  a 
hand  pump.  The  pressure  (axial  load)  was  increased  until  the  correct  load  was  attained.  The  pressure 
was  monitored  by  a  large  diameter  dial  type  pressure  gauge.  A  small  bladder-type  accumulator  con¬ 
nected  in  the  circuit  was  used  to  maintain  a  constant  pressure  and  to  compensate  for  any  changes  due 
to  wear.  The  same  technique  was  used  for  the  side  load  jacks,  but  they  were  connected  in  parallel  on 
their  own  circuit. 

Two  custom-built  hydraulic  actuators  were  mounted  to  the  side  rails  to  rotate  the  shaft.  The  actuators 
were  connected  in  parallel  to  a  hydraulic  pump.  A  simple  control  circuit  was  set  up,  using  proximity 
probes  to  switch  a  two-way  valve  to  change  actuator  direction.  A  flow  control  valve  set  the  operating 
rate.  Figure  A1  shows  an  overview  of  the  test  setup. 
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A  critical  part  of  the  test  environment  was  to  simulate  immersing  the  pintle/bushing  combination  in 
brackish  water.  Powertech’s  Applied  Chemistry  Unit  prepared  the  brackish  water,  and  its  oxygen  con¬ 
tent  was  maintained  by  bubbling  dry  nitrogen  through  the  water  reservoir  until  the  required  level  was 
reached.  The  oxygen  level  was  measured  with  an  Oakton  Dissolved  Oxygen  Series  DO  300  meter. 
Tanks  were  built  around  the  test  block  and  shaft,  and  the  brackish  water  was  pumped  into  the  tanks 
from  a  main  reservoir.  A  cooling  coil  was  installed  in  the  reservoir  to  maintain  the  water  at  the  correct 
temperature. 

Appendix  A  shows  details  of  the  scale  model. 

INSTRUMENTATION 

The  test  program  required  monitoring  of  three  critical  parameters:  frictional  load,  wear  and  tempera¬ 
ture. 

Frictional  load  values  were  derived  from  the  output  of  the  strain  gauges  that  measured  shaft  torque  at 
each  pintle  (on  the  inside  of  the  support  bearings  -  Figure  A3).  There  were  two  torque  outputs,  one  for 
each  pintle.  A  Vishay  2100  strain  amplifier  was  used  to  monitor  the  torque  output.  Each  torque  chan¬ 
nel  was  calibrated  in  a  special  test  frame. 

Wear  was  monitored  with  Dymac  eddy  current  probes  and  drivers.  The  axial  probes  were  mounted  on 
the  top  of  the  test  block  to  measure  the  gap  between  the  block  and  a  plate  mounted  on  the  shaft  (Fig¬ 
ures  A2  and  A6).  The  lateral  or  side  load  wear  probes  were  mounted  on  the  support  plate  to  measure 
the  gap  between  the  test  block  and  the  static  probe  mount  (Figures  A2  and  A6). 

Bushing  temperature  was  measured  by  a  thermocouple  mounted  in  a  drill  hole  on  the  loaded  side  of 
the  bushing.  The  hole  was  drilled  at  an  angle  such  that  the  bottom  was  close  to  the  bushing’s  internal 
edge. 

All  voltage  outputs  were  connected  to  an  Agilent  34970A  Data  Acquisition/Switch  Unit  linked  to  a 
desktop  computer.  On  the  first  day  of  testing,  data  were  logged  hourly.  For  the  remainder  of  the  test, 
data  were  logged  once  every  four  hours. 


TEST  PINTLES  AND  BUSHINGS 


The  test  pintles  and  bushing  were  installed  as  described  below: 


Bushing  Test  Sleeves 
Radius 
Material 
Hardness 
Surface  finish 
Pintle  replacement 


2.500/2.499  inches  and  3.000/2.999  inches 
316  stainless  steel,  ASTM  A473 
RB  =  83 
16  RMS  finish 

A  new  test  pintle  was  used  for  each  test 


Bushing  Requirements 

Specifications  were  given  to  the  suppliers  that  the  self-lubricating  test  bushings  should  have  a  mini¬ 
mum  clearance  of  approximately  0.000in/0.001  in  and  no  grooving. 


TEST 

TESTA 

TEST  B 

1  SET 

(6-inch  scale  model  pintle-bushing) 

(5-inch  scale  model  pintle-bushing) 

1 

Thordon  HPSXL 

Thordon  HPSXL 

2 

Kamatics  KAron  V 

Kamatics  KAron  V 

3 

TENMATT814  (retaining  collar) 

TENMAT  T814  (retaining  collar  type) 
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TEST  RESULTS 


Thordon  HPSXL 

The  Thordon  HPSXL  bushings  started  the  test  with  significant  audible  noise  (vibration).  Relatively 
high  friction  levels  contributed  to  this  vibration  (Figures  B4  and  B9).  This  vibration  decreased  as  the 
test  proceeded  and  disappeared  by  the  50,000  cycle  point  along  with  lower  friction  levels  and  lower 
temperatures. 

The  bushings  and  pintles  survived  the  test  regime;  the  self-lubricating  HPSXL  was  intact  and  contin¬ 
ued  to  function.  However,  both  bushings  (more  so  with  the  five  (5)  inch  bushing)  had  bands  of  built  up 
wear  debris.  These  bands  were  forming  into  clumps  and  beneath  the  clumps  the  lubricant  layer  was 
showing  signs  of  breaking  down  (Figure  B3).  The  six  (6)  inch  bushing  just  started  showing  the  signs  of 
clumping  of  the  wear  debris.  Direct  wear  measurements  on  both  sides  indicate  initial  seating  in  period 
of  approximately  50,000  cycles.  This  is  most  likely  a  combination  of  the  HPSXL  and  the  degree  of  fit 
to  the  pintle  profile.  The  five  (5)  inch  bushing  had,  at  the  end  of  the  test,  an  approximate  80-90%  fit 
(contact)  to  the  pintle.  The  six  (6)  inch  bushing  is  estimated  to  have  about  a  30-40%  contact  fit  to  the 
pintle  at  the  end  of  the  test. 

The  five  (5)  inch  pintle,  due  to  the  greater  contact  was  coated  with  transferred  lubricant  material.  The 
location  where  the  debris  was  clumping  left  some  scoring.  The  six  (6)  inch  pintle  was  coated  in  the 
small  areas  where  there  was  contact  with  the  bushing. 

In  general,  there  was  high  friction  at  the  start  of  the  test  reducing  down  to  a  lower  constant  level  by 
mid  point.  Direct  wear,  after  seating  in,  was  not  significant  in  either  direction  (axial  and  lateral)  (Table 
1). 

By  the  end  of  the  test,  both  bushings  were  showing  signs  of  lubricant  layer  breakdown  as  evidenced  by 
the  clumping  of  the  wear  debris. 


Kamatics  Karon  V 

The  Kamatics  Karon  V  started  at  a  relatively  high  friction  level  but  rapidly  dropped  down  to  much 
lower  levels  (<  0.1)within  the  first  20,000  cycles  (Figures  C4  and  CIO).  They  functioned  quietly  and 
smoothly  without  any  apparent  stress.  Direct  wear  measurements  indicated  little  wear  taking  place 
other  than  from  the  initial  seating  in  period.  Where  the  pintles  contacted  the  bushings,  they  were 
coated  with  transferred  lubricant  material. 

The  six  (6)  inch  bushing  direct  wear  did  not  appear  to  seat  in.  After  the  initial  wearing  in  period,  and 
possibly  due  to  the  small  contact  area,  there  was  a  constant  indicated  increase  in  the  direct  wear  meas¬ 
urement  suggesting  a  wear  rate.  It  appears  this  maybe  a  combination  of  seating  in  and  wearing  taking 
place.  This  did  not  occur  with  the  five  (5)  inch  bushing  and  could  be  an  artifact  of  the  lower  per  unit 
bearing  load.  Table  2  provides  details  of  the  friction  and  wear  levels. 

The  Kamatics  Karon  V  bushings  performed  well  in  the  tests.  This  performance  was  good  despite  the 
fact  the  contact  areas  in  both  bushings  were  small.  This  self-lubricating  material  is  tolerant  of  high 
bearing  loads  (small  contact  area).  This  lubricant  layer  is  thin  and  can  accommodate  minor  deforma¬ 
tion  for  seating  the  pintle.  However,  a  different  protocol  may  be  necessary  (such  as  different  bushing 
radii)  to  permit  more  contact  with  the  pintle. 


Tenmat  T814  (retaining  collar  type) 

The  Tenmat  T814  bushings  did  not  operate  at  the  designated  static  axial  load.  The  dial  gauge  used  to 
monitor  the  pressure  was  found  to  be  reading  higher  than  actual  values  by  10  %.  The  friction  values 
have  been  corrected  for  this  reduced  axial  load.  The  bushings  have  survived  the  tests  without  any  ap¬ 
parent  damage.  In  general,  the  five  (5)  inch  pintle/bushing  operated  quietly  with  little  apparent  vibra- 
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tion  (low  friction  levels  throughout  the  test).  The  six  (6)  inch  pintle/bushing  combination  started  with 
relatively  high  friction  levels  as  evidenced  by  audible  noise  and  vibration.  This  continued  for  approxi¬ 
mately  115,000  cycles.  After  this  break-in  period  the  friction  levels  and  temperatures  dropped  along 
with  reduced  noise  levels. 


The  direct  wear  measurements  on  the  five  (5)  inch  bushing  indicated  little  wear  taking  place  from  side 
loading.  The  axial  load  indicated  a  net  wear  of  approximately  0.5  mils.  The  six  (6)  inch  had  performed 
somewhat  differently.  After  the  115,000  cycle  point,  friction  started  to  increase  and  at  the  same  time 
the  axial  wear  also  increased.  At  approximately  the  167,000  cycle  point,  the  side  load  direct  wear  sud¬ 
denly  jumped  to  a  lower  value  (dropped  3  mils),  this  suggests  the  pintle  may  be  seating  in  possibly 
due  to  wear  material  shifting  around  in  the  interface.  The  amount  of  transferred  lubricant  material  and 
the  black  colour  on  the  pintle  edge  (Figure  D7)  suggests  a  major  event  had  occurred.  The  texture  of 
this  dark  area  is  unlike  the  five  (5)  inch  pintle.  The  dark  colour  also  suggests  heating  is  occurring.  The 
amount  of  lubricant  film  was  sufficient  to  appear  to  be  smeared  over  the  pintle  surface  and  thick 
enough  to  not  be  able  to  see  the  pintle  surface. 

These  are  the  only  self-lubricating  bushings,  which  due  to  their  wall  thickness  and  resilient  properties, 
had  virtually  100  %  contact  on  the  pintles. 


Table  1 


Table  2 


*  Anomaly  in  the  test  results  as  the  side  wear  dropped  suddenly  possibly  due  to  material  shift  or  test 
setup  shift. 
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The  COF  values  were  derived  from  the  last  half  of  the  test  period,  when  friction  was  stable  and  no 
drastic  changes  occurred 


DISCUSSION 

Coefficients  of  friction  and  direct  wear  measurements  methodology  were  discussed  in  the  Powertech 
Lab  Inc.  Report  13568-36-00  “Scale  Model  Testing  of  Navigation  Lock  Pintle  Bushings”.  However, 
the  testing  of  these  self-lubricating  materials  has  introduced  a  set  of  different  criteria  to  assess  the  vari¬ 
ous  products  performance. 

All  three  products  essentially  survived  the  tests  using  silt  laden  river  water  as  the  test  medium.  First  of 
all,  two  of  the  products,  Thordon  HPSXL  and  Kamatic  Karon  V,  have  thin  lubricant  layers  bonded  to  a 
metallic  backing.  Tenmat  T814  is  a  much  thicker  material.  The  Tenmat  T814  generated  almost  one 
hundred  percent  (100%)  contact  to  the  pintle  surface.  The  other  two  materials  had  contact  areas 
(physical  change  to  the  bushing  surface  from  the  pintle  contact)  ranging  from  approximately  twenty 
percent  (20%)  to  eighty  percent  (80%).  The  difference  is  due  to  the  Tenmat  T814  being  able  to  allow 
some  flexing  to  shape  to  the  pintle.  The  other  two  products  have  limited  flexing  to  shape  to  the  pintle 
surface. 

Thus,  the  smaller  the  contact  area,  the  greater  the  unit  loading  on  the  bushing.  In  the  case  of  the  Thor¬ 
don  HPSXL  and  Kamatics  Karon  V,  the  pintles  were  contacting  the  bushing  edges  initially  instead  of  a 
more  uniform  contact.  This  makes  it  difficult  to  assign  a  wear  rate  to  the  bushings  as  both  wear  and 
seating  into  the  bushings  are  simultaneously  taking  place  in  a  manner  unique  to  the  individual 
pintle/bushing  combination  (slight  but  significant  differences  in  pintle/bushing  radii).  It  is  estimated 
the  pintle/bushing  should  have  at  least  a  ninety  percent  (90%)  contact  area  to  generate  a  measured 
wear  rate.  Wear  rates  and  even  total  displacement  should  not  be  used  as  part  of  the  comparison  criteria 
as  it  appears  each  pintle/bushing  combination  is  unique.  Possibly  a  different  method  should  be  speci¬ 
fied  when  ordering  pintle  bushings  to  provide  a  better  fit  to  the  pintles.  This  has  not  been  an  issue  with 
traditional  bronze  bushings  and  pintles.  The  bushings  have  usually  been  lapped  in  place  to  fit  the 
pintle. 

Therefore  the  criteria  for  assessing  the  performance  of  these  three  products  are  friction  levels  and 
product  appearance  after  the  tests  and  to  a  lesser  extent  actual  wear.  Using  appearance  and  friction,  the 
Thordon  HPSXL  started  showing  the  initial  stages  of  material  breakdown  where  wear  debris  was 
clumping  towards  the  bushing  edge.  Once  this  occurs,  the  lubricant  layer  underneath  appears  to  be 
breaking  down  compounding  the  clumping.  This  occurred  in  both  six  (6)  inch  and  five  (5)  inch  pintles. 

The  Kamatics  Karon  V  and  the  Tenmat  T814  survived  the  tests  with  little  indication  of  stress.  Perform¬ 
ance  levels  were  similar  with  relation  to  friction  and  appearance.  The  Tenmat  T814  was  showing  typi¬ 
cal  darkening  of  the  lubricant  material  in  all  contact  areas  although  there  did  appear  to  be  a  build-up  of 
wear  debris  on  the  side  loaded  area  of  the  bushing.  It  also  had  a  significant  break-in  period  on  the  six 
(6)  inch  bushing  as  evidenced  by  the  audible  noise  and  shaft  vibration.  The  Kamatics  Karon  V  ap¬ 
peared  to  show  the  least  amount  of  stress  on  the  contact  areas  (smaller  contact  areas  -  higher  unit  load¬ 
ing),  and  operated  with  little  or  no  vibration  in  the  initial  stages. 

CONCLUSIONS 

Three  accelerated  wear  tests  were  performed  on  self-lubricating  bushing/pintle  combinations  in  silt 
laden  river  water.  All  three  products  essentially  survived  the  tests  with  no  total  destruction  of  the  lubri¬ 
cant  layers.  Thordon  HPSXL  had  started  to  show  signs  of  the  lubricant  layer  breaking  down  (clumping 
of  wear  debris)  with  fluctuating  friction  levels.  The  Tenmat  T814  operated  at  an  axial  load  ten  (10) 
percent  lower  than  the  other  two  tests,  however,  the  six  (6)  inch  side  required  over  half  the  test  time  to 
settle  in  (as  indicated  by  audible  noise  and  vibration).  Upon  conclusion  of  the  test,  the  lubricant  liner 
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had  turned  black  particularly  on  the  side  load  area,  an  indication  of  over  heating.  In  spite  of  this,  the 
bushings  did  survive  the  test. 

The  Kamatics  Karon  V  had  the  least  amount  of  contact  area  with  the  pintle  (thus  the  highest  unit  load¬ 
ing),  however,  the  contact  areas  were  uniformly  coated  with  lubricant  and  the  bushing  contact  areas 
were  polished  smooth.  This  product  appears  to  have  performed  in  the  tests  with  the  least  amount  of 
stress. 

There  is  another  issue  with  self-lubricating  bushings  fitting  the  pintle  profile.  This  appears  to  be  a 
problematic  issue  as  two  of  the  products  (thin  lubricant  layers)  had  relatively  low  percentage  of  contact 
with  the  pintle  (particularly  the  Kamatics  Karon  V).  There  is  limited  flexibility  with  thin  layered  bush¬ 
ings  to  adapt  to  the  pintle  profile  whereas  the  Tenmat  T814  provided  virtually  100%  contact.  Perhaps  a 
different  protocol  for  specifying  fit  could  be  developed  and/or  a  different  design  could  be  employed  to 
provide  a  greater  contact  with  the  pintle. 
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APPENDIX  A 

MODEL  CONSTRUCTION  AND  ASSEMBLY 
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Axial  Static  Load 


Figure  A1.  Schematic  overview  of  scale  model  pintle  bearing  test  frame. 
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Figure  A7.  Close-up  view  of  5"  pintle  side. 
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APPENDIX  B 

THORDON  HPSXL  TEST  RESULTS 
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THORDON  HPSXL  PINTLE/BUSHING  TEST 

The  Thordon  HPSXL  pintle  bushings  initially  started  with  noticeable  vibration  (chatter)  particularly  on 
the  6"  pintle  side.  There  was  less  vibration  noticed  on  the  5"  pintle  side.  This  eventually  changed  to  a 
high  frequency  squeal  as  the  test  progressed.  The  squeal  continued,  primarily  from  the  5"  side,  until 
the  approximately  the  50,000  cycle  mark.  At  this  point,  light  coloured  powered  wear  debris  was  ob¬ 
served  in  both  tanks  (more  so  on  the  5"  side).  After  approximately  the  50,000-cycle  point,  as  the 
squealing  noise  decreased,  the  friction  levels  and  temperature  started  dropping.  This  continued  until 
the  end  of  the  test. 

Post  Test  Examination: 

Five  (5)  inch  pintle/bushing  combination:  There  was  a  substantial  build-up  of  wear  debris  as  clumps  of 
compacted  light  coloured  powder  side  loaded  area  of  the  bushing  (Figure  B3).  A  darker  coloured  circu¬ 
lar  band  below  the  accumulated  wear  debris  indicates  the  principal  area  of  pintle  contact  axially  (Fig¬ 
ure  B2).  This  contact  area  is  approximately  at  45-degree  angle  to  the  pintle  axis  and  covers  about  20 
degree  arc.  This  darker  band  is  smooth  with  no  depressions  such  as  in  the  area  directly  above. 

There  is  some  scoring/galling  on  the  bushing  edge  loaded  side  of  the  pintle.  The  bushing  was  highly 
polished  in  all  the  contact  areas.  The  pintle  contact  area  where  the  dark  band  is  on  the  bushing  shows  a 
light  shading  due  to  material  transfer  from  the  bushing.  This  is  a  good  indication  of  as  self-lubricating 
bushing  functioning.  The  location  where  the  wear  debris  had  accumulated  in  bushing  (as  clumps)  has 
some  surface  roughness  along  with  polishing.  The  edge  of  the  pintle  shows  some  discolouring  from  the 
contact  with  the  bushing. 

Six  (6)  inch  pintle/bushing  combination:  This  bushing  showed  a  similar  pattern  of  contact  and  wear 
debris  build-up  (although  to  a  lesser  extent)  compared  to  the  5-inch  pintle  Figure  B8).  The  dark  contact 
band  is  at  approximately  a  60-degree  angle  to  the  pintle  axis  and  covers  about  a  10-degree  arc. 

The  6-inch  pintle  indicated  a  contact  area  of  approximately  20  degrees  of  arc.  Where  the  dark  band  is 
in  the  bushing,  the  same  area  on  the  pintle  is  coated  with  transferred  bushing  material  (a  good  indica¬ 
tion  of  self-lubrication  taking  place)  (Figure  B7).  The  contact  area  where  wear  debris  had  built-up 
(next  to  the  bushing  edge)  had  darker  striations  of  deposited  material. 
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Figure  B1.  Close-up  view  of  5"  pintle  contact  side.  There  is  marked  scoring  towards  stepped 

edge  of  the  pintle. 
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Figure  B3.  Close-up  view  of  loaded  side  of  bushing.  Note  accumulated  wear  debris. 


PINTLE  BEARING  TESTS 
5"  PINTLE/BUSHING 
COEFFICIENT  OF  FRICTION 


Figure  B4. 
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5"  PINTLE/BUSHING 


PINTLE  BEARING  TESTS 
5"  PINTLE/BUSHING 
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Figure  B6. 
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Figure  B7.  Overview  of  Thordon  HPSXL  6"  pintle.  Note  staining  of  pintle  on  loaded  side. 


Figure  B8.  Close-up  view  of  Thordon  HPSXL  6”  pintle  bushing.  Primary  contact 

area  is  at  top  of  image. 
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Figure  B9.  Close-up  view  above  image  on  loaded  side.  Note  accumulation  of  wear  debris  above 

darker  contact  area. 
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Figure  BIO. 
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Figure  B11. 
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6"  PINTLE/BUSHING 
WEAR  AND  TEMPERATURE 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushims  -  Additional  Tests 


Powertech  Labs,  Inc. 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushings  -  Additional  Tests 


Powertech  Labs ,  Inc. 


appendix  c 

KAMATICS  KARON  SELF-LUBRICATING  BUSHINGS/PINTLE  TEST 
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KAMATICS  KARON  V  SELF-LUBRICATING  BUSHINGS/PINTLE  TEST 

The  Kamatics  Karon  V  bushing/pintle  combinations  operated  throughout  the  test  without  any  indica¬ 
tion  of  stress.  The  test  ran  quietly  with  low  friction  and  low  temperatures  after  the  pintles  had  settled 
in. 


Post  Test  Examination: 

Five  (5)  inch  pintle/bushing  combination.  The  test  started  with  relatively  high  friction  (no  audible  indi¬ 
cations  the  stress  was  excessive).  As  the  pintle  settled  into  the  bushing,  the  friction  levels  and  operating 
temperatures  dropped.  The  pintle  contact  area  was  next  to  the  top  and  extended  over  an  arc  of  ap¬ 
proximately  30  degrees  (Figure  Cl).  The  area  was  uniformly  coated  with  transferred  lubricant  material 
indicating  the  self-lubricating  bushing  was  performing,  as  it  should. 

The  bushing  contact  area  was  limited  to  the  top  of  the  bushing  over  an  arc  of  approximately  30  de¬ 
grees.  A  dark  highly  polished  band  evidenced  this,  which  was  slightly  wider  on  the  side-loaded  area  of 
the  bushings  (Figure  C2).  This  contact  area  did  not  show  any  signs  of  stress  although  there  were  small 
amounts  of  wear  debris  on  the  edges  of  the  contact  areas. 

Six  (6)  inch  pintle/bushing  combination.  The  six  (6)  inch  bushing  followed  a  similar  pattern  as  in  the 
five  (5)  inch  greased  bushing  test.  The  contact  areas  were  highly  polished  and  next  to  the  top  edge  qf 
the  bushing  (Figures  C8  and  C9).  The  pintle  contact  area  was  over  approximately  20  degrees  of  arc  (at 
right  angles  to  the  pintle  axis)  and  had  a  uniform  light  colour  from  the  transfer  of  lubricant  material 
from  the  bushing  (Figure  C7). 


Scale  Model  Testing  of  Navigation  Lock 


Figure  Cl.  Close-up  view  of  5"  pintle  from  Kamatics  Karon  V  test. 


Figure  C2.  Close-up  view  of  5"  Karon  V  bushing.  Note  uniform  polished  contact  areas. 
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Figure  C3.  Close-up  view  of  5"  Karon  V  bushing.  Note  highly  polished  contact 
area.  There  is  no  indication  of  stress  to  the  lubricant  layer. 


PINTLE  BEARING  TESTS 
5"  PINTLE/BUSHING 
COEFFICIENT  OF  FRICTION 

Kamatics  KAron  V 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushings  -  Additional  Tests _ 


Powertech  Labs ,  Inc 


Figure  C4. 
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5”  PINTLE/BUSHING 
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Figure  C7.  View  of  6"  Kamatics  Karon  V  pintle. 
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Figure  C8.  View  of  Kamatics  Karon  V  bushing.  Note  dark  band,  which  is  next  to  top  edge.  This 
is  the  pintle  contact  area. 


Figure  C9.  Close-up  view  of  above  image  on  loaded  side.  Note  polished  contact  area. 
There  does  not  appear  to  be  any  stress  to  this  area. 
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Figure  CIO. 
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APPENDIX  D 

TENM AT  SELF-LUBRICATING  BUSHING  (RETAINING  COLLAR)  TEST  RESULTS 
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TENMAT  T814  (Retaining  Collar)  PINTLE/BUSHING  TEST 

The  bushings  were  composed  of  a  lubricant  layer  0.1875  inch  thick  (Tenmat  T814)  mounted  on  a 
bronze  backing.  The  lubricant  layer  has  a  light  brown  colour  showing  fabric  like  texture.  These  par¬ 
ticular  bushings  were  held  in  place  with  a  stainless  steel  collar  compressing  the  Tenmat  T814  into  the 
bronze  backing.  The  test  initially  started  with  significant  vibration  (loud  noise).  This  continued  for 
•approximately  100,000  cycles  reducing  in  volume  as  the  pintles  seated  into  the  bushings.  At  approxi¬ 
mately  the  140,000  cycle  point,  the  water  had  run  out  in  the  reservoir  due  to  spillage.  The  temperature 
increased  for  a  short  period  of  time  (50  deg  C  for  the  6  inch  pintle  and  35  deg  C  for  the  5  inch  pintle). 
The  water  was  replaced  and  the  test  continued  quietly  until  the  end. 

Post  Test  Examination: 

Five  (5)  inch  pintle/bushing  combination:  Pintle  contact  on  the  bushing  was  virtually  100%.  The 
pintle  was  highly  polished  with  bands  of  transferred  bushing  lubricant  material.  The  bands,  particularly 
on  the  side-loaded  area,  are  an  indication  of  a  functioning  self-lubricating  bushing  Figure  Dl). 

The  bushing  contact  surfaces  were  polished.  There  were  darker  bands  towards  the  bottom  of  the  bush¬ 
ing  (Figure  D2).  There  was  some  build-up  of  wear  debris  at  the  bottom  of  the  bushing.  The  bushing 
did  not  appear  to  have  been  stressed  by  the  test,  as  it  was  100%  intact. 

Six  (6)  inch  pintle/bushing  combination:  pintle  contact  was  approximately  95%.  The  pintle  was  highly 
polished  over  most  of  its  contact  surface.  The  edge  of  the  pintle  where  the  main  side  load  was  applied 
had  a  darkened  deposit  of  transferred  bushing  material  (Figure  D7).  This  was  adhering  well  to  the  sur¬ 
face  and  was  rough  in  texture. 

The  bushing  contact  surface  was  polished  smooth.  The  loaded  side  of  the  bushings  was  darker  in  col¬ 
our  and  corresponded  to  the  same  area  on  the  pintle  (Figure  D8).  The  bottom  of  the  bushing  appears  to 
have  a  build-up  of  dark  wear  material.  Otherwise,  the  bushing  is  similar  in  appearance  to  the  five  (5) 
inch  combination  and  does  not  appear  to  be  stressed  by  the  test  regime. 
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Figure  D1.  Overview  of  5"  Tenmat  T814  pintle.  Due  to  the  thickness  of  the  bushing-retaining 
ring,  the  first  row  of  pintle  anchoring  holes  had  to  be  machined  away. 
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Figure  D2.  Close-up  view  of  5"  Tenmat  T814  bushing. 


Figure  D3.  Close-up  view  of  Tenmat  T814  5"  bushing.  Note  darker  contact  areas. 
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Figure  D6. 
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Figure  D7.  Overview  of  6"  Tenmat  T814  pintle.  Note  transferred  lubricant  material  on 

side  of  pintle  contact  surface. 
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Figure  D8.  Close-up  view  of  6"  bushing.  There  is  no  indication  damage  to  the  bushing. 
Contact  is  over  95%  of  the  bushing  surface. 


_ This  project  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  o[_ Powertech  Labs,  Inc. _ 

Project:  13608-36  14-Aug-03  Page  49 


PINTLE  BEARING  TESTS 
6"  PINTLBBUSHING 
COEFFICIENT  OF  FRICTION 


vfodel  Testing  of  Navigation  Lock 
Bushings  -  Additional  Tests _ 


Powertech  Labs .  Inc . 


o 

o 

o 


o 

LO 

O 

in 

o 

m 

o 

CO 

CM 

CM 

T“ 

o 

o 

o 

O 

d 

d 

o 

o 

d 

uojpu  j  jo  juajojjjaoo 


_ This  project  report  shat /  not  be  reproduced,  except  in  full,  without  the  written  approval  of  Powertech  Labs,  Inc. _ 

Project:  13608-36  14-Aug-03  Page  50 


PINTLE  BEARING  TESTS 
6"  PINTLE/BUSHING 


Scale  Model  Testing  of  Navigation  Lock 
Pintle  Bushims  -Additional  Tests 


Powertech  Labs ,  Inc. 


Project:  13608-36 


14-Aug-03 


Page  51 


PINTLE  BEARING  TESTS 
6"  PINTLE/BUSHING 
WEAR  AND  TEMPERATURE 


Aodel  Testing  of  Navigation  Lock 
Bushines  -  Additional  Tests _ 


Powertech  Labs.  Inc . 


(S|!UI)  UV3M  103d IQ 


TUic  nrnio/'t  rp-nnrt 


'ball  nnt  hp  rpnrnfhicpd  excevt  in  full,  without  the  written  approval  of  Powertech  Labs,  Inc . 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS.  _ • _ 


1 .  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

06-2004  *  Final _ 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 

Field  Evaluation  of  Self-Lubricated  Mechanical  Components  for  Civil  Works  Navigation 

Structures  5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 

CW 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 

33238 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

ERDC/CERL  SR-04-8 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

HQ02 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


6.  AUTHOR(S) 

Timothy  D.  Race,  Ashok  Kumar,  and  L.D.  Stephenson 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Engineer  Research  and  Development  Center  (ERDC) 
Construction  Engineering  Research  Laboratory  (CERL) 

PO  Box  9005 

Champaign,  IL  61826-9005 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Corps  of  Engineers 
441  G  Street,  NW. 

Washington,  DC  20314-1000 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


13.  SUPPLEMENTARY  NOTES 

Copies  are  available  from  the  National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield,  VA  22161. 


14.  ABSTRACT 

It  is  operationally  and  environmentally  desirable  to  replace  greased  bronze  bushings  used  in  navigation  lock  machinery  with  self- 
lubricating  bushings.  Bronze  bushings  must  be  greased  manually  or  with  automatic  lubricating  machines.  Grease  lines  are  subject  to 
damage  from  ice  and  debris.  If  the  grease  line  breaks,  the  lubricating  system  fails,  which  may  lead  to  component  failure  and  delays  in 
navigation.  Introduction  of  grease  into  the  riverine  environment  is  also  a  concern. 

The  Corps  of  Engineers  has  been  using  self-lubricating  bushings  in  navigation  locks  for  the  past  20  years.  The  purpose  of  this  study 
was  to  evaluate  mechanical  properties  and  durability  of  emerging  advanced  self-lubricating  bushing/bearing  materials  in  the  laboratory 
and  under  field  conditions,  and  to  provide  additional  knowledge,  needed  guidelines,  and  standard  specifications  for  the  proper  selection 
and  use  of  self-lubricating  bushing  materials  for  locks  based  on  local  environmental  conditions  and  applications.  The  results  of  accel¬ 
erated  testing  of  quarter-scale  model  self-lubricating  pintle  bushings  in  simulated  river  are  also  reported. 


15.  SUBJECT  TERMS 

evaluation,  civil  works,  navigation  structures,  mechanical  systems,  self-lubricating 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Ashok  Kumar 

a.  REPORT 

Unclassified 

b.  ABSTRACT 

Unclassified 

c.  THIS  PAGE 

Unclassified 

SAR 

172 

19b.TELEPHONE  NUMBER  (in-* 
elude  area  code) 

(217)373-7235 

NSN  7540-01-280-5500 


Prescribed  by  ANSI  Std.  239.18 


